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BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention pertains to the field of software, computer systems and related 
5 methods including models that operate through the use of finite analysis, finite volume, 
and/or finite difference techniques. 
Description of the Related Art 

Finite element, finite volume, and finite difference modeling techniques can 

ts. 
\. J 

O generally be described as mathematical approximations of often-complex problems that 

Ho represent physical behavior. The mathematical models are useful in designing physical 

in 

* :J apparatus or systems and in predicting the behavior of existing apparatus or systems. 
: " These models use a mesh or grid that is superimposed over the system being studied 
sj to provide a plurality of cells or elements. These elements may be modeled in multiple 
il dimensions, for example, one, two, or three dimensions. Mathematical equations that 
15 represent or approximate physical or quantitative behavior are applied to each cell with 
the resultant formation of a system of equations that are expressed as matrices, and 
that are solved using generally known techniques of linear algebra. Such mathematical 
techniques commonly involve iterating through a set of equations until a threshold 
convergence is achieved, i.e., until the difference between successive iterations through 
20 a system of mathematical approximations becomes so small that it is suitably negligible 
with respect to the exact or rigorous solution of the system of equations being modeled. 
The term "finite analysis" is hereby defined to include finite element, finite volume and 
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finite difference models. 

A variety of patents have issued on various finite element and finite difference 
techniques. For example, U.S, Patent Nos. 5,956,500 and 5,901,072 pertain to a 
method for incorporating boundary conditions into a finite analysis model. These 
5 patents disclose generating a finite analysis model having a finite element shim 
interposed between a test bar and a ground, where the characteristics of the shim are 
selected based upon measured natural frequencies of the test bar. U.S. Patent No. 
I;* 5,768,156 addresses a method of automatic mesh generation for finite analysis. The 
meshes are generated using whisker chords to form ail-hexahedrai elements. Similarly, 

ii]) U.S. Patent No. 5,731,817 pertains to a system that generates a hexahedron mesh and 

i ~ 

i ; y then performs finite analysis on the mesh. U.S. Patent No. 5,581 ,489 discloses a model 

V. 

I;- generator including data input for an object to be modeled, a material information 
j ; 3 generator providing material properties for the object being modeled, a mesh processor 

for generating a mesh, and an output generator coupled with a finite analysis processor. 
15 U.S. Patent Nos. 5,553,206 and 5,315,537 pertain to automatic mesh generation 

systems. 

Finite analysis programs that provide solutions to specific problems are 
commercially available. For example, ABAQUS is available from Hibbitt, Karlsson and 
Sorenson of Pawtucket, Rhode Island to model structural mechanics and nonlinear heat 
20 transfer. ANSYS is available from Ansys, Inc, of Canonsburg, PA to mode! structural 
mechanics and heat transfer. ASTMA is public domain software available from the 
National Aeronautics and Space Administration (NASA) that models heat transfer and 
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ablation. IDEAS is available from Structural Dynamics Research Corporation of Milford, 
Ohio to provide pre and post-processing images of the model. SINDA from SINDA, Inc. 
of Tempe, Arizona models heat transfer, TEX CHEM models chemical reactions and 
chemical equilibrium. RECESS is a program developed by Thiokol Propulsion of 
5 Brigham City, Utah to model internal ballistics. CDCA is a computational fluid dynamics 
program developed by Pennsylvania State University to model crack combustion where 
a fracture in a propellant affects burn condition. CCM is a similar computational fluid 

P dynamics program available in the public domain, and is available from the Air Force 

3 Research Laboratory (ARFL). 

Us 

* : ft) Many specific examples of the need for finite analysis programs exist, for 

I P! 

^ example, in the field of rocketry and missile maintenance. In fact, the commercial finite 
H analysis programs that are mentioned above have many specific applications in this 
Q field. For example, the public domain ASTMA program and derivatives thereof can be 
U used to model the burning away of material from a rocket engine nozzle. 
15 A problem exists in the field of finite analysis modeling because engineering 

specialties do not encompass a wide array of specialized problems that are presented 
by complex physical situations. For example, the burning of a solid fuel rocket motor 
presents a multifaceted problem including structural mechanics, material properties, 
internal ballistics, chemical reactions, heat transfer, crack combustion, and fracture 
20 mechanics. An engineer who is modeling only one of these problems using a 
commercially available or proprietary finite analysis program for this purpose may 
require a full year just to become proficient at using the package. Such engineer is 
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typically not trained in more than one or two of the specialty problem areas and is often 
incapable of running models in areas outside his or her area of expertise. Very few, if 
any, engineers succeed in acquiring the training that is required to model all aspects of 
this problem, and a team of modelers often is required to produce modeling results 
through a laborious process involving the transfer of model results between different 
engineers and/or finite analysis codes. 

It is typical in the finite analysis art that there exist separate programs to model 
computational fluid dynamics, structural mechanics, heat transfer, internal ballistics, etc. 
This segregation of problems exists, in part, due to the lack of overlap in specialty areas 
as described above, but it also exists because the situations encountered for actual 
modeling purposes are very diverse and require flexibility if the model is to have 
optimum results. A great deal of effort may be expended to develop a comprehensive 
model where the usefulness of the model diminishes with its complexity. 

The foregoing problem is normally addressed by a sharing of data between 
engineers or engineering groups that encompass multiple specialties. This sharing of 
data leads to additional problems. An engineer receiving model results from another 
engineer for further processing does not necessarily understand the model results that 
he or she has received, and this circumstance can lead to computational error. For 
example, the preceding engineer may provide results from a less thorough model than 
is required for optimum results in subsequent calculations, or problems may arise 
through the nodes of meshes being at different locations when data is passed from a 
first model to a second model. 
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Special problems also arise when an engineer receives prior calculation results 
and uses them as input in a subsequent model addressing a different problem because 
subsequent calculation results may affect input for the prior model. For example, an 
internal ballistics program may be used to calculate internal pressures in a solid fuel 
rocket motor. These pressures are subsequently used in structural mechanics 
calculations where the rocket fuel deforms in a visco-elastic manner. The volume 
changes from the structural mechanics solution have significant effects upon the 
internal ballistics results which, in turn, affect the structural mechanics model. Thus, a 
repetitive sharing and transfer of computational results is required from successive 
iterations until the effects of the separate programs upon one another between different 
runs become negligible. Furthermore, the respective modelers may even be unaware 
that their individual model or an aspect of their model results can affect other models 
that provide results including input data for subsequent models. 
Objects of the Invention 

Accordingly, an object of the present invention is to provide a finite analysis 
modeling system that permits the user to identify a joint problem for coupled solution 
through the use of a graphical user interface or a scripting language. 

Another object of the invention is to provide a single interface that ties or couples 
together a plurality of finite analysis programs for purposes of solving complex problems 
while maintaining flexibility. 

Another object of the invention is to provide data linkages for coupling programs 
in a predetermined manner to facilitate coupling for the user. 
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Yet another object of the invention is to facilitate user-specified complex solutions 
without requiring the user to understand all aspects of each discipline. 

These objects and advantages, as well as other objects and advantages will be 
apparent to those skilled in the art upon reading the attached drawings together with the 
accompanying specification. 

BRIEF SUMMARY AND OBJECTS OF THE INVENTION 

A computer system, as well as associated software and methodology are 
provided for obtaining a joint solution through the use of multiple finite analysis 
programs. The system, software and methodology tie or couple together a plurality of 
finite analysis programs for purposes of solving complex problems while maintaining 
flexibility though the use of a graphical user interface. 

Preferred embodiments operate in an environment of use where there is memory 
storage for first and second finite analysis programs. The first finite analysis program 
acts upon first program input values to provide first program output values based upon 
the first program input values. The second finite analysis program acts upon second 
program input values including a first joint data set having at least a subset of the first 
program output values. The second program output values include a second joint data 
set of values that can be used as first program input values. One of the first and second 
finite analysis programs is a computational fluid dynamics program. 

As mentioned above, the software and the method, as well as the computer 
system in an electronically programmed state, all utilize a graphical user interface that is 
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operable to identify a joint problem that both the first and second finite analysis 
programs can jointly and in combination solve, and to specify at least one criterion for a 
joint solution. Data processing linkages between the first and second programs, and 
the user, provide the first program input values to the first program. Embedded 
5 commands in the graphical user interface or related programs execute the first finite 
analysis program to obtain the first program output values including the first joint data 
set Data processing linkages between the first and second programs then provide the 
jh second finite analysis program with second program input values including the first joint 
□ data set. Embedded commands in the graphical user interface, related programs, or a 
: M) scripting language execute the second finite analysis program to provide second 

'i H 
s _ : s 

ry program output values including the second joint data set. Data processing linkages 
[7 between the first and second programs then provide the first finite analysis program 
d with first program input values including the second joint data set 
I* An aspect of the software, system, and method is that the criterion for the joint 

15 solution specified through the graphical user interface preferably includes an iterative 
convergence criterion for threshold convergence of the joint solution. The program 
instructions, as well as the methodology of operation, then include repeating the steps 
of providing data and executing the first and second programs until the specified 
threshold convergence criteria is achieved. This iteration, which is performed outside 
20 the boundaries of the first and second finite analytical programs, is performed 
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automatically and without user intervention after the initial data input and execution of 
the first and second programs. 

Another aspect of the software, system and method is that the graphical user 
interface is optionally used to identify the joint problem by selecting the joint problem, in 
combination with the computational fluid dynamics problem, to preferably include an 
additional finite analysis problem selected from the group consisting of structural 
analysis problems, heat transfer problems, chemical reaction problems, chemical 
equilibrium problems, internal ballistics problems, and fracture mechanics problems. 

A third, fourth, fifth or additional programs may be selected in like manner and 
placed in the coupled or joint program execution for convergence among all of the 
programs. For example, where a third program is selected for use in the coupled 
solution, the third program acts upon third program input values selected from the group 
consisting of first program output values, second program output values, and 
combinations thereof to provide third program output values. The third program output 
values include a third joint data set comprising input values selected from the group 
consisting of first program input values, second program input values and combinations 
thereof. The method of operation then includes executing the third program to produce 
the third program output values including the third joint data set. The third joint data set 
is provided, as needed, providing the third joint data set to the first and second finite 
analysis programs with corresponding input values selected from the group consisting 
of first program input values, second program input values and combinations thereof. 
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Iterative threshold convergence can then be achieved according to convergence criteria 
specified through the graphical user interface. 

The software, system and method can be applied to a number of problems, for 
example, in the field of missile design and maintenance. For example, where a solid 
fuel rocket has maintenance operations performed on it, and these operations provide 
computed tomography results showing a crack in the propellant, the effect of this crack 
may be modeled to determine whether the crack will prevent the missile from 
completing its intended purpose if launched. In this case, the computational fluid 
dynamics program may be a crack combustion program, the system provides means for 
modeling crack combustion in a missile based upon computed tomography taken from a 
missile, and the other of the first and second programs is, by way of example, a 
structural analysis program. 

The finite analysis may be supplemented through use of a programming 
language, especially an extensible object oriented scripting language that is capable of 
issuing calls to a variety of other programming languages. In this manner, a software 
screen or shell may be built to provide, for example, a function library that duplicates the 
GUI functionality using direct commands in the guise of scripted functions which operate 
across the boundaries of multiple operating systems, multiple programming languages, 
and/or data translations, as required to couple a plurality of programs. The scripting 
language preferably has looping and decisional logic capabilities giving the user infinite 
control over the operation of a variety of coupled finite analysis programs. The scripting 
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language and its associated function library may optionally be accessible from the GUI. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a preferred system embodiment according to 
one aspect of the invention; 

Fig. 2 is a process schematic operational diagram for the system of Fig. 1 ; 

Fig. 3 depicts a midsectional view of a rocket motor having various defects that 
are modeled by finite analysis causing mesh boundaries to change, in order to provide 
additional detail with respect aspects of the preferred method illustrated with respect to 
Fig. 2; 

Fig. 4 is a schematic representation of menu options for a preferred graphical 
user interface that operates according to another aspect of the invention; and 

Fig. 5 depicts a selected model that can be created using a scripting language to 
couple a plurality of finite analysis programs. 

DETAILED D ESCRIPTION OF THE PREFERRED EMBODIMENTS AND METHODS 

According to one of the various embodiments of the invention, there is now 
shown a schematic computer system that is programmed to an electronically configured 
state through the use of software for the performance of a method, as described above. 
The system, software and methodology tie or couple together a plurality of finite 
analysis programs for purposes of solving complex problems while maintaining flexibility 
though the use of a graphical user interface. By "coupling" it is meant that the results 
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from one finite analytical model are provided to another model as input. For example, 
the results from a first model may be provided as input to a second model, and the 
results from the second model may optionally be provided as input to the first model. 
This process may be repeated until a user-specified convergence is achieved. 

Fig. 1 depicts a schematic diagram of a computer system 100 including a central 
processing unit (CPU) 102 that is linked to a magnetic or optical storage medium 104, a 
display 106, such as a flat panel plasma display or cathode ray tube, and input/output 
devices 108, such as a computer keyboard, a pointing device such as a trackball or 
mouse, other computers, and additional magnetic or optical storage media. The 
hardware components 102 through 108 of system 100 may comprise those that are 
found in most personal computers and engineering workstations. 

As shown in Fig. 1, software from storage media 104 or I/O devices 108 has 
been used to program a graphical user interface (GUI), which is represented by a GUI 
RAM block 110. The GUI 110 is used to interface with a user through I/O devices 108 
to identify a plurality of programs for coupled execution. These programs are 
represented by RAM blocks 1 12-120. Block 112 includes a first finite analysis program 
that provides a computational fluid dynamics solution. Block 114 includes a second 
finite analysis program that provides a structural solution. Block 116 includes a third 
finite analysis program that provides a heat transfer solution. Block 118 includes a 
fourth finite analysis program that provides a ballistics solution. Block 120 includes a 
fifth finite analysis program that provides a mesh generator program. The mesh 
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generator program is not used in iterative convergence, but it is used to generate 
individual meshes for use in each of the first, second, third, fourth and fifth finite 
analytical programs. 

The system, software and method preferably operate in an environment of use 
where there is memory storage for the first and second finite analysis programs 
corresponding to blocks 112 and 114, for example. The first finite analysis program 
acts upon first program input values to provide first program output values based upon 
the first program input values. The second finite analysis program acts upon second 
program input values including a first joint data set having at least a subset of the first 
program output values. The second program output values include a second joint data 
set of values that can be used as first program input values. One of the first and second 
finite analysis programs is a computational fluid dynamics program. 

An aspect of the software, system, and method is that the criterion for the joint 
solution specified through the graphical user interface preferably includes an iterative 
convergence criterion for threshold convergence of the joint solution. The program 
instructions, as well as the methodology of operation, can then include repeating the 
steps of providing data and executing the first and second programs until the specified 
threshold convergence criteria is achieved. This iteration, which is performed outside 
the boundaries of the first and second finite analytical programs, is performed 
automatically and without user intervention after the initial data input and execution of 
the first and second programs. 
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Fig. 2 is a block diagram of a process 200 representing the operation of system 
100. Step 202 entails using the GUI 110 to identify a problem for coupled solution 
between two or more of the programs shown in RAM blocks 112-118. Data linkages, as 
well as a sequence of operation for the respective programs to solve a coupled solution, 
have been previously entered by an expert or team of experts in coupling the finite 
analytical programs. 

Data for these solutions is provided to the system 100 in step 204 where, for 
example, computed tomography data from missile maintenance operations may be 
provided as input for a structural model. Additional data including such data as 
materials properties; the specification of materials; boundary conditions of temperature, 
pressure, force, and any other useful data, is provided as needed by the specific 
analytical programs. A mesh generator program, such as the fifth program 120 or a 
plurality of such programs designed for specific applications, is also used to provide 
data input in the form of mesh generation. 

Step 206 preferably begins once the data input of step 204 is concluded, as 
shown in Fig. 2, but the process 200 may also interrupt itself to ask the user for input at 
any time. The first program is executed in a sequence of execution designed by the 
expert or team of experts. The execution of the first program in step 206 provides first 
program output including a joint data set that may be shared, in step 208, as input data 
with the second finite analysis program shown in block 114. Additional data subsets 
may be generated and shared with any other of the finite analysis programs in blocks 
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116 and 118, for example. The second finite analysis program is executed in step 210 
with a similar sharing of data in step 212. In step 212, however, the second program 
output may provide a second joint subset of data that can be used as input data for the 
first program once step 206 is executed again. The remaining programs are executed 
in a similar manner with appropriate data linkages being provided in cooperation with 
executable code associated with the GUI 110 so that the user does not need to specify 
data linkages to obtain a coupled solution. 

In preferred embodiments, a portion of the data input in step 204 includes a 
criterion or criteria for iterative threshold convergence. For example, where the 
ballistics block 118 produces pressure data that modifies the program input for the 
structural block 114 due to the elastic deformation of rocket propellant, the initial 
boundary condition of pressure in the structural block 114 may be modified with time, as 
may the pressure conditions of the computational fluid dynamics model 112. The 
change in pressure from the ballistics model causes the structural volume results to 
15 change, as computed by the structural block 114. In turn, the computational results 
from the structural block 114 including an altered volume may be supplied as input to 
the computational fluid dynamics block 1 12 to obtain still different pressures. Both the 
volume results from structural block 114 and the pressure results from the 
computational fluid dynamics block 112 may, in turn, be supplied as input to the 
20 ballistics block 1 18. 
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In step 216, this iterative procedure continues with repetitive iterations through 
steps 206, 208, 210, 212, and 214 until the specified convergence criteria or a 
maximum number of iterations representing a probable divergent solution is achieved. 
For example, the user-specified convergence criteria may indicate convergence when 
the total pressure change for computations in the ballistics block is less than a fixed 
value, e.g., one-half psi between successive iterations; when the volume change in 
successive iterations through the structural block 114 is less than a predetermined 
delimiting percentage of the total volume; when calculations for the same value 
obtained as output from different programs match within a delimiting percentage; 
combinations of these examples; and any other useful convergence criteria. 

Where convergence is determined to have been met in step 216, a post- 
processing step 218 stores the results, provides a visual display of the results on the 
display 106, and prints the results as needed. Step 218 also entails any other desired 
post-processing step. 

Step 220 entails the interpolation or projection of meshes for reasons that are 
illustrated, by way of example, in Fig. 3. In summary, mesh boundaries frequently move 
as a result of physical responses to system stimuli, e.g., heat, pressure, strain, and 
ablation, so that the model boundaries must be adjusted due to these movements. Fig. 
3 depicts a section 300 of an aging cylindrical solid fuel rocket motor. The motor 
includes a composite outer shell 302, a liner 304 that is used to protect the outer shell 
from burn-through during launch, an inner core 306 of visco-elastic rocket propellant 
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306, and an interior core 308 comprising a burn chamber. Conventional maintenance 
operations including computed tomography have diagnosed an area 310 of debonding 
between the propellant 306 and the liner 304. Computed tomography has also 
diagnosed a crack 312 that is growing in the aging rocket propellant. Finite modeling 
5 has provided a coupled solution involving internal ballistics, structural, and 
computational fluid dynamics to demonstrate various flow regimes including regimes 
314, 316, 318, 320, and 322. A few rocket motors have been known to explode due to 
p cracking of the propellant as shown in crack 31 2. 

□ The propellant region 324 tends to deform more readily due to higher velocity 

downstream of crack 312, which results in a higher upstream pressure. Flow conditions 
around the crack 312 have a Bernouli effect that results in decreased pressure in flow 

j, . regime 320 downstream of the crack 31 2. The regime 320 narrows the flow through 

f i 

regimes 316 and 318, and imparts increased velocity. Flow regime 322 is a relatively 

o 

t* low pressure flow regime. Another potential problem is that the propellant 306 may 

15 strip away from the debond area 31 0 with disastrous results. 

The computational fluid dynamics model begins calculation using a cylindrical 
mesh (not shown in Fig. 3) having an outer radius equal to the inside diameter of the 
propellant 306. This outer radius is shown as lines 334 and 336 in Fig. 3. As shown in 
Fig. 3, the computational results from a first pass iteration of the coupled programs have 

20 moved the inner diameter of the propellant 306 out to lines 326 and 328, primarily due 
to deformation of the propellant 306. Convergence has not yet been achieved, so it 
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becomes necessary to adjust the associated meshes and relevant boundary conditions 
to account for the deformation of propellant 306. Boundary condition projection is 
performed by projecting the results from the fluid mesh at lines 326 and 328 to new 
boundaries at lines 330 and 332. Pressure results for CFD, for example, may be 
projected to new boundaries of the structural mesh at lines 330 and 332. 

Projecting of boundary conditions is done by locating associated positions on the 
complimentary mesh and extracting the necessary data to create comparable boundary 
conditions on the current mesh, i.e., the mesh that is receiving the boundary conditions. 
Usually, the associated position is perpendicular to the surface of the receiving mesh, 
but may be the closets point if the perpendicular is not usable. The boundary conditions 
are then created on the current mesh from data on the complimentary mesh. 

Alternatively, where the initial pressure assumption is too high, the initial mesh 
for the computational fluid dynamics model may be found having a radius at lines 330 
and 332. In this case, the computational results show the propellant having moved 
radially inboard to lines 326 and 328. In this alternative case, an identical method of 
projecting boundary conditions can be used. 

Differences between iterative steps may require the boundary of the mesh to be 
modified. Large differences may require the finite element mesh to be remeshed for 
use in subsequent calculations. Results and boundary conditions must now be 
transferred to the modified mesh by interpolation for the analysis to continue. If mesh 
interpolation is not desired, or if the fracture geometry prevents interpolation, the user 
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may be prompted to assist in the generation of a new mesh over the region of concern, 
or an entirely new mesh may be generated over the new boundary by a mesh 
generation package. Techniques for automated mesh generation to discretize a model 
of a body are generally known. Examples of such techniques are included in the 
foregoing discussion of related art, e.g., U.S. Patent No. 5,729,670, which is 
incorporated by reference to the same extent as though fully disclosed herein. 

As mentioned above, the software and the method, as well as the computer 
system in an electronically programmed state, all utilize a graphical user interface that is 
operable to identify a joint problem that both the first and second finite analysis 
programs can jointly and in combination solve, and to specify at least one criterion for a 
joint solution. Data processing linkages between the first and second programs, and 
the user, can provide the first program input values to the first program. Embedded 
commands in the graphical user interface or related programs execute the first finite 
analysis program to obtain the first program output values, including the first joint data 
set. Data processing linkages between the first and second programs then can provide 
the second finite analysis program with second program input values including the first 
joint data set. Embedded commands in the graphical user interface, related programs, 
or a scripting language can be used to execute the second finite analysis program to 
provide second program output values including the second joint data set. Data 
processing linkages between the first and second programs then provide the first finite 
analysis program with first program input values, including the second joint data set. 



-19- 



Attorney Docket 1082-01 1 

Fig. 4 depicts a plurality of graphical fields such as may appear, for example, on 
the CRT of a user who is interacting with the graphical user interface of the preferred 
embodiment. The graphical elements are also known as fields, and may be accessed, 
for example, by clicking the button of a mouse to reveal additional menu options or 
icons that are associated with each field. 

A GUI 400 includes a file field 402, which includes submenu options (in bold 
font) including functionality to open a new file; open an existing file, close an active file; 
read data for input to a list-selected finite analysis program and configure that program 
for options and units; write data for input to a list-selected finite analysis program and 
configure that data for options and units; translate data from one finite analysis 
program to another between a list of read from programs and a list of write to programs; 
save the current file and save as a new filename; print the data representation on the 
screen, print preview, print setup, copy the data representation on the screen, and 
exit the program. In summary, these submenu options permit the user to manage and 
access the program data files. 

A create field 404 permits the user to interact with a mesh editor to identify the 
location and type of mesh. The mesh is drawn interactively based upon user-specified 
parameters up to and including automatic mesh generation. The create field 404 
includes submenu options including whether the mesh system is based upon 
rectangular, cylindrical or spherical coordinates, the reference plane that is viewed on 
the screen, and the starting coordinates of the mesh. A point option permits the user to 
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enter points based upon numerical coordinates or to enter points by using the mouse to 
select points. A curve may be drawn as a line, arc, circle or spline. A surface option 
permits the user to create surfaces from a list of predetermined boundary curves, e.g., 
spheres, cylinders, and planes, or by extruding or rotating curves. A volume option 
permits the user to create volumes from a list of predetermined boundary surfaces, 
e.g., spheres, cylinders, and planes, or by extruding or rotating a surface. A node 
may be created by entering the location of the desired node. The nodes may be 
connected by specifying elements that connect the nodes, as well as element 
geometrical behavior and material type. Nodes may be assigned positional constraints 
that may also be related to adjacent nodes and free faces. The nodes also have labels 
and are assigned special graphical representation, e.g., colors. Once a surface or 
volume has been generated, a mesh option permits the automatic generation of a mesh 
over the surface of the body or a mesh representing the volume of a body, together with 
entry of material properties for the mesh or elements of the mesh. Nodes, faces, 
elements, points, curves, surfaces, and volumes may be treated as a group that shares 
special properties. Boundary conditions may be defined including pressure, restraint, 
force, moment, temperature, convection, radiation, heat flux, point source, volume 
source, specie concentration, specie convection, and specie flux. New materials may 
be added and material properties may be entered to a database that tracks material 
properties. Similarly, chemical species may be added and chemical reactions may 
be entered into an interpretive equation editor. Additional tools for displaying the 
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meshes include a plurality of CAD related menu options, e.g., to view a mesh or access 
geometry creation functions. In summary, the create field provides an interactive 
mechanism for creating meshes, creating boundary conditions, and assigning chemical 
and material properties to components of the meshes. 

An edit field 406 permits the user to modify the work plane that is represented 
on the CRT for viewing. The orientation of the work plane may be designated by 
coordinate entry, and the character of the work plane can be designated as rectangular 
or cylindrical. The color and appearance of mesh or body components may be 
changed, e.g., as by changing the color of points, curves, surfaces, volumes, nodes, 
and elements. Chemical reaction data may be edited. In summary, the edit field 
permits the user to change the appearance of an existing mesh without deleting 
elements of the mesh or body. 

A delete field 408 has the same list of submenu options as does the create field, 
except the submenu options are used to delete elements, as opposed to creating them. 
Additionally, boundary conditions may be deleted in sets of related boundary 
conditions. A list field 410 is used to provide a list of items encompassing the same 
menu options that exist for the delete field. 

A post-processing field 412 contains submenu options including 
superposition of calculation results on the mesh; interpolation of results from one 
mesh to another as specified by model names for the meshes; interpolation to nodes, 
or centroids, and to average results; deformed geometry may be shown to compare 
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the degree of deformation in a system component as brought about by the predictive 
model results; contour plot, vector plots, and X-Y plots of predetermined data may also 
be obtained. 

A model field 414 permits the user to identify a selected model for the coupled 
solution of a joint problem. A tools field includes a coincident node check that 
identified nodes having locations within a predetermined or user-specified tolerance of 
one another. An element distortion check option permits the user to specify which 
control measures for distortion the system will consider and to input the desired control 
values including control measures for Gauss point distortion, aspect ratio, area ratio, 
quad angle (90°+/-), triangle angle (45° +/-), and element warping. 

A view field 418 has submenu options including selected adjustments to display 
settings including color representation of diagram components on the display; 
blanking and unblanking of points, curves surfaces, nodes, volumes and elements on 
the display; dynamic view including pan, magnify, rotate, 3D rotate, and zoom options; 
reset of the dynamic model changes including a return to the originally depicted 
conditions; autoscale in which the scale of the model representation on the display is 
adjusted to reveal the entire model in optimum context; view orientation in which the 
display on the screen is changed to represent an eye orientation form a user-entered 
set of coordinates, rotation of the screen perspective a specified distance about a user- 
selected coordinate, and continuing rotation of the model representation about a user- 
selected axis. 
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The help field provides hyperlink access to user information, such as the 
information that is shown in the attached appendix. 

Fig. 5 depicts a preferred process 500 for solving a joint problem of a type that 
may be selected from a menu option using the GUI 400, namely, a structural analysis 
ballistics problem. Geometry data involving the interior of a missile is obtained using 
conventional computed tomography techniques for nondestructive evaluation (NDE) of 
the motor core. This data is provided in step 502 as a body for modeling situations of 
the type shown in Fig. 3, for example. Step 504 entails automated meshing and may be 
performed using any number of conventional automatic meshing programs. In step 
506, a processor receives user-selected input data and executes program instructions 
for the first analysis program, which in this case happens to be a structural analysis 
program modeling time dependent nonlinear visco-elastic (NLVE) deformation of the 
rocket motor as the interior propeliant burns. Structural integrity is checked in step 508 
to assure that the motor has not exceeded design specifications or a failure point. 

The NLVE output includes deformations, stresses and strains, which are 
provided as second program input values to a second program, which comprises a 
fracture analysis or fracture propagation program that is used in step 510. The output 
from the fracture analysis program includes deformation and fracture propagation with 
automated meshing of the propagation-deformed system. A burnback analysis is 
executed in step 512 including an approximation of the burning surface area that is 
modified or deformed through burning in the rocket motor core. The burnback analysis 
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output includes a time-dependent surface area, and a new mesh may be generated 
over this area. 

The new surface area and mesh is supplied to a computational fluid dynamics 
and/or ballistics program as program input data in step 514. Iteration continues along 
loop 516 until convergence is achieved and performance data is supplied in step 518. 
The computational fluid dynamics program that is used in step 514 may be configured 
to provide a three dimensional transient solution that has not been previously done in 
the art. For example, a special scripting language may be used to provide threshold 
convergence of the solution at small time steps with sequential performance data being 
provided in step 51 6 for each time step. Computations of this type may require several 
CPU weeks to complete, even where the processor is operating in the gigahertz range 
of clock speeds, and the manual intervention that would have been required to couple 
the programs for this type of solution was simply impossible using prior methods. 

Other coupled CFD solutions include steady state flow for 1D, 2D and 3D 
systems in combination with elastic structural deformation or nonlinear visco-elastic 
structural deformation; quasi-steady state flow in combination with crack propagation; 
transient 1D, 2D and 3D flow in combination with elastic structural deformation or 
nonlinear visco-elastic structural deformation; and transient flow with crack propagation. 

It should be noted that any one of the programs which is executed in loop 51 6 
can be a first or second program of the type described herein. The order of execution of 
the first and second program can be any order because the first and second designation 
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serves merely to distinguish one program from another and does not relate to any 
specific order of program execution unless otherwise specified. Thus, the 
computational fluid dynamics program may be executed fourth in order, and this order 
of execution is still consistent with describing the program as a first or second program. 
Additionally, even though the respective programs of steps 506-514 are different 
programs and are not simultaneously executed by a processor, although they may be 
simultaneously executed in a distributed processing or multitasking environment, these 
program are said to jointly and in combination provide a solution to the joint problem of 
structural ballistics analysis because they cooperate in an iterative scheme for a joint 
solution and/or the programs share data with one another even if no repeat iteration is 
required. 

Prior mention has been made of a scripting language. The scripting language 
permits advanced users or system experts to issue program commands that are 
comparable in analogy to function calls from an object-oriented programming language. 
A particularly preferred scripting language is Python, which is a copyrighted but freely 
usable and distributable product, even for commercial use, and is available from 
PythonLabs at www.python.org. 

The Python scripting language is often compared to other object-oriented 
programming languages including Tel, Perl, Scheme or Java, which may provide object 
oriented substitutes for Python. According to a presently contemplated but merely 
illustrative embodiment of the invention, the executable code supporting the GUI 400 is 
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written in Python scripting language by an expert in one or more of the finite element 
analytical programs. An expert is hereby defined as a person who has at least five 
hundred hours of training and program use in a particular finite analysis program, and 
this time of use is preferably more than one thousand hours. 

An additional GUI element preferably makes available the scripting language to 
ordinary users who may alter copies of expert-preprogrammed code or write their own 
code. On networked systems, these user-defined scripting packages may be shared 
among all users, subject to an expert review and approval process. A Python module 
was created as an alternative scripted interface comparable to GUI 400, to support 
geometry creation, finite element models for solving joint problems, data file interfaces 
and data linkages between different finite analytical programs, and post processing 
activities. An example of Python code for a data file translation script between two finite 
analysis programs is: 

import FEM 

model=doc.NewModel('PlaneE1 ') 
model. RdldeasMS('RWIdeas1 .unv') 
model.WrAbaqus('..AA/ork/PlaneE1inp') 

A preprogrammed library of basic functions that duplicate the GUOI functionality 
is provided for user-specified execution in the Python scripting language, which may 
issue calls to C++ language functions and other languages. The function library may be 
accessed directly to provide the user with the ability to perform automated calculations 
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without having to interact with the GUI, however, the library is preferably accessed 
through use of a submenuing or execute option permitting a user to access and/or 
reprogram the library functions. Classes of functions include functions that create new 
5 documents, open existing documents, save documents, create curves, surfaces, 
volumes, create boundary conditions, interpolate, read and write files, translate data 
between applications, as well as any other activity that has been previously described 
as being practicable through the use of GUI 400. In part because the Python code is 
extensible to other languages, Python provides tremendous power and versatility 
10 including looping and decisional logic capabilities. 

p Applicant hereby incorporates-by-reference Appendix I (printouts from an 

; J interactive online user's manual for the FEM Builder), Appendix II (a compact disk in 
• y duplicate comprising a computer program listing appendix containing computer software 
j~ according to a presently preferred system and method according to the invention), and 
Ij Appendix III (a computer program listing appendix containing the file and directory 

f 1 

M names for the files and directories on the compact disk comprising Appendix II). 

The foregoing discussion provides examples that are intended to operate by way 
of example, not by limitation. There may be additions or changes to the processes and 
programs described above that fall within the scope and spirit of the invention. For 

20 example, any processing system may be used to execute the program instructions 
including systems having distributed processing networks, distributed data storage, and 
multiple I/O devices, in addition to the system shown in Fig. 2. Accordingly, the 
inventors hereby state their intention to rely upon the Doctrine of Equivalents to protect 
their full rights in the invention. 
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APPENDIX I 

The following pages are printouts from an interactive online user's manual for the 
FEM Builder, which is a computer program that has been built by engineers at 
Thiokol Propulsion of Brigham City, Utah. The FEM Builder program operates 
according to the principles of the invention to accomplish coupling of multiple finite 
analysis programs through the use of a graphical user interface and/or a scripting 
language. 
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FEM Builder User's Manual 

FEM Builder is a PC program written at Thiokol Corporation to provide additional Finite Element 
Modeling (FEM) tools for building and analyzing finite element models, and to provide interfaces 
between FEM systems and analysis programs. 
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Introduction 



FEM Builder is an interactive program written by Thiokol Propulsion to provide Finite Element Modeling 
(FEM) tools for building and analyzing finite element models, and to provide interfaces between FEM 
systems and analysis programs. 

Fern Builder has a user interface similar to most PC programs with a menu bar, a toolbar, and a status bar. 
The program allows users to have one or more documents open at the same time. A document can contain 
one or more finite element models. Each document can have multiple views. 

File 

File functions allow the user to Open, Close, and Save FEM Builder files. Read and Write functions are 
provided to read files from and write files to various analysis programs. Other interfaces are provided to 
read and write material property files. The Translation option translates data from one file type to another 
without saving that information in a FEM Builder document, which can save time if no other FEM Builder 
functions are to be performed. File functions also allow the user to Print the current view, or Copy the 
view to the clipboard for pasting in applications like Microsoft Word®. The recent file list contains the 
most recently used FEM Builder files. 

Create 

Creation functions allow the user to create geometry (coordinate systems , points , curves , surfaces , and 
volumes ), FEM entities ( nodes , elements , constraint equations , groups , and boundary conditions ), perform 
mesh generation, and define material properties , chemical species and chemical reactions . 

Edit 

Edit functions allow the user to edit FEM entities. Functions exist to edit geometry , material properties , and 
element orientations . 

Delete 

Delete functions delete selected FEM entities from the current model. 

List 

List functions write selected information to the List Box. 

Post-Processing 

Post-processing functions include result superposition , and result interpolation , deformed geometry . 
contour plots , vector plots , and XY plots. 

Model Information 

Most FEM Builder functions operate on one finite element model, the current model. The Model 
Information dialog allows the user to set the current model, the model name, and the model title. The 
dialog also lists other model-related information. 

Tools 

Tools include coincident node check, element distortion check, and customizable default options. The 
default options are entity picking, work plane use , element defaults , subdivision , and units . 

View 

The display settings are used to set the visibility and defaults of geometry entities, fern entities, and the 
view header. The view orientation can be specified directly via keyboard input. The view origin, size and 
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orientation can also be modified dynamically using dynamic view . Status flags indicate the visibility of the 
toolbar, status bar, and list box. 

Window 

These window functions are the same functions found in many other PC programs. The New Window 
function creates a new view of the model that can be scaled, rotated, and relocated independently of any 
other view. The Cascade, Tile, and Arrange Icon options all rearrange existing views. 

Help 

The help option provides access to program version information. 

Program Defaults 

The coordinate system used by FEM Builder is the same used by most analysis programs. Interpretation of 
coordinates depends on the element being referenced. For example, for plane elements coordinates 1,2 are 
X,Y, for axisymmetric elements coordinates 1,2 are R,Z, and for solid elements coordinates 1,2,3 are 
X,Y,Z. 

Default model units are Inches, pound mass, pound force, second, and degrees Fahrenheit. 
Return to Table of Contents 
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ABAQUS 



ABAQUS is a finite element code primarily used for structural analysis. FEM Builder supports model 
definition, boundary condition creation, and specification of material properties. Interfaces for reading 
results files, reading input files , and writing input files are described in the following sections. This 
interface was written to support ABAQUS 5.8-18. 

ABAQUS Read Results File Interface 

This interface reads ABAQUS file output files. Nodes, elements, groups, and analysis results are extracted 
from the file data. Appendix - ABAQUS Support: Table 1 lists supported ABAQUS element types. Groups 
with group names of the form MIDn will be used to set element material Ids. The following analysis results 
are supported. 



Nodal Results 



Description 


Record 
Key 


Displacements 


101 


Reaction forces 


104 


Nodal temperatures 


201 



Centroidal and Element Nodal Results 



Description 


Record 
Key 


Stress 


11 


Strain 


21 


Elastic strain 


25 


Inelastic strain " 


24 


Plastic strain 


22 


Creep strain 


23 


Thermal strain 


88 


Nominal strain 


90 


Logarithmic strain 


89 


Principal stresses 


401 


Principal strains 


403 


Principal Elastic strain 


408 


Principal Inelastic strain 


409 


Principal Plastic strain 


411 


Principal Creep strain 


412 


Principal Thermal strain 


410 


Principal Nominal strain 


404 


Principal Logarithmic strain 


405 


Temperature 


2 


Strain energy density 


14 


Stress Invarients 


12 


Shell section forces 


13 


Shell section strains 


29 


State variables 


5 



Tog 
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ABAQUS Read Input File Interface 

This interface reads ABAQUS input files and extracts FEM data from supported keyword card sections. 



Keyword card support 



Keyword 


Supporting keywords 


*Heading 




*Include 




*System 




*Node 




^Element 




*Nset 




*ElSet 




^Transform 




*Equation 




*Beam Section 




*Shell Section 




*Solid Section 




^Material 






*Conducfivitv 




^Density 




*Elastic 




^Expansion 




*Specific Heat 


*Orientation 




*Boundary 




*Step 






^Boundary 




*CLoad 




*DLoad 


*End 





When these keyword cards are encountered, notification is sent to the list file. These keywords are not case 
sensitive. 

Keyword card support description 

^HEADING 

The heading text will replace the existing model title, if any. 
*lnclude 

*Include cards may be used to reference files containing additional input. Include files may have 
references to other include files. If the attempt to open the specified file fails, input processing will 
continue. Notification of the open failure will be sent to the list file. The most common cause of open 
failures is due to errors in the path specification that is part of the file name specification. 

*System 

*System defined coordinate systems are used to transform the coordinates of nodes in following *Node 
sections into global coordinates. Defined systems will be stored in the FEM Builder database. System 
labels will be generated. 

*Node 

The NSet, and System parameters are supported. The File parameter is not supported. If a System 
parameter is defined the coordinates are transformed to a Cartesian system immediately. If a *System 
section preceded this section, the coordinates are then transformed via that system into global coordinates. 



*Element 

The Type and ElSet parameters are supported. The File and Input parameters are not supported. If the 
specified element type is not recognized, notification will be sent to the list file and the rest of the section 
will be skipped. Appendix - AB AO US Support: Table 1 lists supported ABAQUS element types. If the 
ElSet name is of the form MIDn, the elements will be assigned n as the material ID. 

*Nset 

The NSet and Generate parameters are supported. The Unsorted parameter, if defined, will be ignored. 
The ElSet parameter is not supported, and if defined, notification will be sent to the list file and the rest of 
the section will be skipped. 

*ElSet 

The ElSet and Generate parameters are supported. 
^Transform 

The NSet and Type parameters are supported. A coordinate system will be created as defined by the input. 
Nodes in the referenced NSet will be modified to reference the created displacement coordinate system. If 
the NSet name is of the form Tran#, the # is assumed to be an undefined coordinate system number, 
otherwise the system label will be generated. 

^Equation 

The Input parameter is supported. 
*Beam Section 

This section is only used to tie the elements referenced by the ElSet parameter to the material referenced by 
the Material parameter. The other data defined in this section are ignored. 

*Solid Section and *ShelI Section 

These sections are used to tie the elements referenced by the ElSet parameter to the material referenced by 
the Material parameter or to the composite layup defined when the Composite parameter is defined. The 
Orientation parameter, if defined, is used to orient the elements. 

^Material 

The Name parameter is supported. 
^Conductivity 

The Type parameter is supported. The Dependencies parameter is ignored. 
^Density 

The Dependencies parameter is ignored. 
*Elastic 

The Type parameter is supported. The Dependencies parameter is ignored. 
*Expansion 

The Type and Zero parameters are supported. The Dependencies and Pore Fluid parameters are ignored. 
^Specific Heat 

The Dependencies parameter is ignored. 
^Orientation 

The Name, System, and Definition = Coordinates parameters are supported. Other values of the 
Definition parameter are not supported, and if encountered, notification will be sent to the list file and the 
rest of the section will be skipped. 
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*Boundary 

Restraints defined preceding the *Step card will be assigned a set ID of 1. Node sets may be referenced 
and XSYMM, YSYMM, ZSYMM, XASYMM, YASYMM, ZASYMM, ENC ASTRE, and PINNED ' 
'Type" specifications may be used. 

*Step 

When this card is encountered, notification is sent to the list file. The load set ID has an initial value of 1. 
When the *End Step card is encountered, the load set ID will be incremented. 

*Boundary 

Restraints defined will be assigned the current load set ID. Node sets may be referenced, and XSYMM 
YSYMM, ZSYMM, XASYMM, YASYMM, ZASYMM, ENCASTRE, and PINNED Type- 
specifications may be used. 

*CLoad 

Concentrated loads defined will be assigned the current load set ID. All parameters are ignored. Node sets 
may be referenced. Temperature restraints and forces are supported. 

*DLoad 

Distributed loads defined will be assigned the current load set ID. All parameters are ignored. Node sets 
may be referenced. Pressures are supported. 

*End 

When the *End card is encountered, the load set ID will be incremented. 



Label generation 

When an entity is created with no defined label, such as for the *System card sections, the "unknown" label 
will initially be assigned. After reading the entire input file, these labels will be reassigned to a generated 
value. Generated values will increment from an initial value computed as follows: 

Initial value = l+10 A (LoglO(Previous maximum)+l) 

Section cards 

Abaqus uses section cards to associate elements with material properties. FEM Builder will use the section 
information to associate element material Ids with materials. When an ElSet name of the form MIDn is not 
on the ^Element card elements will not have an assigned material ID. If elements referenced by section 
cards do not have an assigned material ID, a material ID will be generated. 

Top 



ABAQUS Write Input File Interface 

This interface writes ABAQUS input. Nodes, elements, constraint equations, node transforms, groups, 
element section, orientation, material properties, step information, boundary conditions, and analysis results 
for initial conditions are written to the file. The interface also allows data of various types to be written to 
separate files. 



Nodes 

The interface writes node label, and XY, RZ, or XYZ coordinates. 
Elements 

The Fern Builder supported element types (geometry and analysis types) are found in Appendix - Element 
Library: Table 1 and Appendix - Element Library: Table 2 respectively. Appendix = ABAQUS Sup port: 
Tab]e_l lists each Fern Builder geometry and analysis type and the supported ABAQUS element type that it 
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will be assigned as the input file is written. As elements are output ELSets are defined for each material. 
Do not delete or rename these ELSets or FEM Builder will not be able to determine the proper element 
MID when reading result files. 

Equations 

Constraint equations are written as * Equations. 
Transforms 

NSets and Transform commands are created for nodes with local displacement coordinate systems. 
Groups 

NSets and ELSets are created for each node and element group. 
Section Data 

Section cards and corresponding ELSets are generated for each unique combination of element type (beam, 
shell, or solid), material id, property id, and element/material orientation. Multiple sections may reference 
the same material. 

Material Properties 

The following table lists the ABAQUS supported material properties and their supported counterparts in 
Fern Builder. 



ABAQUS 


Fern Builder 


Elastic, Type=Iso 

Elastic, Type= Engineering Constants 
Elastic, Type=Aniso 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Expansion, Type=Iso 
Expansion, Type=Ortho 
Expansion, Type=Aniso 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Conductivity, Type=Iso 
Conductivity, Type=Ortho 
Conductivity, Type=Aniso 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Density 


Density 


Specific Heat 


Specific Heat - CP 



Initial Conditions 

Nodal temperatures and element centroidal stresses may be output as initial conditions. If the selected 
temperatures are centroidal temperatures, nodal averaging will be performed. If the selected stresses are 
element nodal stresses, stresses will be interpolated to element centroids using the element shape functions. 

Loads and Boundary Conditions 

Fern Builder outputs restraints (Boundary), forces/moments (CLoad), and pressure (DLoad) boundary 
conditions. 

Top 

Return to Table of Contents 
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Appendix - ABAQUS Element Type Support 



Table I lists each supported ABAQUS element type and the geometry type and analysis type that it is 
assigned when reading into Fem Builder. It also lists the ABAQUS element types that are written to 
ABAQUS from Fem Builder. ABAQUS element types not directly supported on output will be mapped to 
the element type listed in the ABAQUS output column. 



Table 1 : ABAQUS element type support 



ABAQUS Element 


FEM Builder 
Element 


Output 


Name 


Description 


Geom 


Anal 


Name 




3 Node quadratic 2D beam 


2 


25 


B22 




3 Node quadratic 2D beam, hybrid 


2 


25 


B22H 


bZo 


2 Node cubic 2D beam 


1 


25 


B23 


Doom 


2 Node cubic 2D beam, hybrid 


1 


25 


B23H 


DOO 


3 Node quadratic 3D beam 


2 


26 


B32 


DOOU 


3 Node quadratic 3D beam, hybrid 


2 


26 


B32H 


B33 


2 Node cubic 3D beam 


L 1 


26 


B33 


DOOM 

B33H 


2 Node cubic 3D beam, hybrid 


1 


26 


B33H 


pon a 

03D4 


4 Node linear tetrahedron 


9 


60 


C3D4 


i~*0 Pi A LJ 

GoU4H 


4 Node linear tetrahedron, hybrid 


9 


60 


C3D4H 


Oouo 


6 Node linear wedqe 


12 


60 


C3D6 


C3D6H 


6 Node linear wedge, hybrid 


12 


60 


C3D6H 


C3D8 


8 Node linear brick 


15 


60 


C3D8 


C3D8H 


8 Node linear brick, hybrid 


15 


60 


C?D8H 

UOUUI 1 


C3D8R 


8 Node linear brick, reduced 


15 


60 


C3D8R 


C3D8RH 


8 Node linear brick, reduced, hybrid 


15 


60 


C3D8RH 


C3D10 


10 Node quadratic tetrahedron 


10 


60 




pinion 
oou i un 


iu iNoae quadratic tetrahedron, hybrid 


10 


60 


C3D10H 


C3D15 


1 5 Node quadratic wedqe 


13 


60 




C3D15H 


15 Node quadratic wedge, hybrid 


13 


60 


C3D15H 


C3D20 


20 Node quadratic brick 


16 


60 


C3D20 


C3D20H 


20 Node quadratic brick, hybrid 


16 


60 


C3D20H 


C3D20R 


20 Node quadratic brick, reduced 


16 


60 


C3D20R 


C3D20RH 


20 Node quadratic brick, reduced, hybrid 


16 


60 


C3D20RH 


CAX3 


3 Node linear axisymmetric trianqle 


3 


43 


CAX3 


CAX3H 


3 Node linear axisymmetric trianqle, hybrid 


3 


43 


CAX3H 


CAX4 


4 Node linear axisymmetric quad 


6 


43 


CAX4 


CAX4H 


4 Node linear axisymmetric quad, hybrid 


6 


43 


CAX4H 


CAX4I 


4 Node linear axisymmetric quad, incompatible 


6 


43 


CAX4H 


CAX4IH 


4 Node linear axisymmetric quad, incompatible, hybrid 


6 


43 


CAX4H 


CAX4R 


4 Node linear axisymmetric quad, reduced 


6 


43 


CAX4R 


CAX4RH 


4 Node linear axisymmetric quad, reduced, hybrid 


6 


43 


CAX4RH 


CAX6 


6 Node quadratic axisymmetric trianqle 


4 


43 


CAX6 


CAX6H 


6 Node quadratic axisymmetric trianqle, hybrid 


4 


43 


CAX6H 


CAX8 


8 Node quadratic axisymmetric quad 


7 


43 


CAX8 


CAX8H 


8 Node quadratic axisymmetric quad, hybrid 


7 


43 


CAX8H 


CAX8R 


8 Node quadratic axisymmetric quad, reduced 


7 


43 


CAX8R 


CAX8RH 


8 Node quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CAX8RH 





CAXA4n 


*+ nuue tuiticii aoyrnrneinc quaa, n rnouGS 


6 


44 


CAXA4n 




CAXA4Hn 


h iNuut; linear asymmetric quaa, nyona, n modes 


6 


44 


CAXA4Hn 




CAXA4Rn 


f iMuuy linear asymmetric quad, reduced, n modes 


6 


44 


CAXA4Rn 




CAXA4RHn 


4 Node linear asymmetric quad, reduced, hybrid, n modes 


6 


44 


CAXA4RHn 




CAXARn 


o iMoae quaaratic asymmetric quad, n modes 


7 


44 


CAXA8n 




HAXARHn 

unAnOni 1 


8 Node quadratic asymmetric quad, hybrid, n modes 


7 


44 


CAXA8Hn 




v^nAnOni I 


8 Node quadratic asymmetric quad, reduced, n modes 


7 


44 


CAXA8Rn 




PAXASRHn 


o iMoae quaaratic asymmetric quad, reduced, hybrid, n modes 


7 


44 


CAXA8RHn 




h^axi 


3 Node generalized linear axisymmetric triangle 


3 


43 


CGAX3 




CftAX^H 

vUnAOl 1 


3 Node generalized linear axisymmetric triangle, hybrid 


3 


43 


CGAX3H 




CGAX4 


*f iMoae generaiizea linear axisymmetric quad 


6 


43 


CGAX4 






4 Noae generalized linear axisymmetric quad, hybrid 


6 


43 


CGAX4H 






4 Node generalized linear axisymmetric quad, reduced 


6 


43 


CGAX4R 




w vjim A^t nn 


4 Node generalized linear axisymmetric quad, reduced, hybrid 


6 


43 


CGAX4RH 






6 Node generalized quadratic axisymmetric triangle 


4 


43 


CGAX6 






6 Node generalized quadratic axisymmetric triangle, hybrid 


4 


43 


CGAX6H 






8 Node generalized quadratic axisymmetric quad 


7 


43 


CGAX8 




v_/ /\ vJ i n 


8 Node generalized quadratic axisymmetric quad, hybrid 


7 


43 


CGAX8H 






8 Node generalized quadratic axisymmetric quad, reduced 


7 


43 


CGAX8R 


1i 

,l 


AX8RH 


8 Node generalized quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CGAX8RH 


as- 


TPF1 


o Noae linear plane strain triangle 


3 


41 


CPE3 


sy 


v^r J3 Jil 


3 Node linear plane strain trianqle, hybrid 


3 


41 CPE3H 




PPFA 
v_r JCH- 


4 Node linear plane strain quad 


6 


41 

" 1 


CPF4 


. 3 
-si 




4 Node linear plane strain quad, hybrid 


6 


*T I 






PPFzlP 


4 Node linear plane strain quad, reduced 


6 


41 


CPE4R 






4 Node linear plane strain quad, reduced, hybrid 


6 


41 


CPE4RH 




LrCO 


6 Node quadratic plane strain trianqle 


4 


41 


CPE6 






6 Node quadratic plane strain trianqle, hybrid 


4 


41 


CPE6H 






8 Node quadratic plane strain quad 


7 


41 


CPE8 


" -i 
B? 




8 Node quadratic plane strain quad, hybrid 


7 


41 


CPE8H 


-1 




8 Node quadratic plane strain quad, reduced 


7 


41 


CPE8R 


Si 




8 Node quadratic plane strain quad, reduced, hybrid 


7 


41 


CPE8RH 


siis 




3 Node linear plane stress triangle 


3 


40 


CPS3 






4 Node linear plane stress quad 


6 


40 


CPS4 




PP96 


6 Node quadratic plane stress triangle 


4 


40 


CPS6 




PPSR 

V_^l JO 


o Noae quaaratic plane stress quad 


7 


40 


CPS8 




UAonru JL i 


i iNoae to ground dashpot 


0 


2 


DASHPOT1 




F) A QWPPiT A 


£ Node dashpot 


1 


22 


DASHPOTA 




1JJZ 


2 Node heat transfer link 


1 


29 


DC1D2 






3 Node heat transfer link 


2 


29 


DC1D3 




JJV_,ZUj 


3 Node linear heat transfer trianqle 


3 


48 


DC2D3 




PiPOPi/i 


4 Node linear heat transfer quad 


6 


48 


DC2D4 




npor*£ 
iJCZDu 


6 Node quadratic heat transfer trianqle 


4 


48 


DC2D6 




JJCZIJo 


8 Node quadratic heat transfer quad 


7 


48 


DC2D8 






4 Node linear heat transfer tetrahedron 


9 


61 


DC3D4 






6 Node linear heat transfer wedqe 


12 


61 


DC3D6 






8 Node linear heat transfer brick 


15 


61 


DC3D8 




DC3D10 


10 NodP fiUPffratip h^£it trancfor totrahciHrv^n 
i w i ^ ^juau i ciui*r i itJdt LI cU loi CI it? LI al lcUf UI 1 


10 


61 


DC3D10 




DC3D15 


1 5 Node quadratic heat transfer wedqe 


13 


61 


DC3D15 




DC3D20 


20 Node quadratic heat transfer brick 


16 


61 


DC3D20 




DCAX3 


3 Node linear axisymmetric heat transfer trianqle 


3 


49 


DCAX3 




DCAX4 


4 Node linear axisymmetric heat transfer quad 


6 


49 


DCAX4 




DCAX6 


6 Node quadratic axisymmetric heat transfer trianqle 


4 


49 


DCAX6 



DCAX8 


8 Node quadratic axisymmetric heat transfer quad 


7 


49 


DCAX8 


DINTER1 


1 Node per side heat transfer interface 


30 


85 


DENTER1 


DINTER2 


2 Node per side heat transfer interface 


31 


85 


DINTER2 


DINTER2A 


2 Node per side axisymmetric heat transfer interface 


31 


86 


DINTER2A 


DINTER3 


3 Node per side heat transfer interface 


32 


85 


DINTER3 


DINTER3A 


3 Node per side axisymmetric heat transfer interface 


32 


86 


DINTER3A 


DINTER4 


4 Node per face heat transfer interface 


34 


85 


DENTER4 


DINTER8 


8 Node per face heat transfer interface 


35 


85 


DINTER8 


DSAX1 


2 Node axisymmetric heat transfer shell 


1 


30 


DSAX1 


DSAX2 


3 Node axisymmetric heat transfer shell 


2 


30 


DSAX2 


GAPUNI 


2 Node gap 


30 


83 


GAPUNI 


INTER2 


2 Node per side interface 




83 


INTER2 


INTER2A 


2 Node per side axisymmetric interface 


31 


84 


INTER2A 


INTER3 


3 Node per side interface 


32 


83 


INTER3 


INTER3A 


3 Node per side axisymmetric interface 


32 


84 


INTER3A 


INTER4 


4 Node per face interface 


34 


83 


INTER4 


INTER8 


8 Node per face interface 


35 


83 


INTER8 


INTER9 


9 Node per face interface 


36 


83 


INTER9 


IRS21A 


3 Node axisymmetric rigid surface 


41 


28 


IRS21A 


ISL21A 


3 Node axisymmetric slide line 


1 


28 


ISL21A 


M3D3 


3 Node linear membrane trianqle 


3 


45 


M3D3 


M3D4 


4 Node linear membrane quad 


6 


45 


M3D4 


M3D4R 


4 Node linear membrane quad, reduced 


6 


45 


M3D4R 


M3D6 


6 Node quadratic membrane trianqle 


4 


45 


M3D6 


M3D8 


8 Node quadratic membrane quad 


7 


45 


M3D8 


M3D8R 


8 Node quadratic membrane quad, reduced 


7 


45 


M3D8R 


MASS 


1 Node point mass 


0 


3 


MASS 


S4R5 


4 Node linear curved thin shell, reduced 


6 


46 


S4R5 


S8R5 


8 Node quadratic curved thin shell, reduced 


7 


46 


S8R5 


SAX1 


2 Node linear axisymmetric shell 


1 


27 


SAX1 


SAX2 


3 Node quadratic axisymmetric shell 


2 


27 


SAX2 


SAXAln 


2 Node linear asymmetric shell, n modes 


1 


28 


SAXAln 


SAXA2n 


3 Node quadratic asymmetric shell, n modes 


2 


28 


SAXA2n 


SPRING1 


1 Node to ground sprinq 


0 


0 


SPRING 1 


SPRINGA 


2 Node to node sprinq 


1 


20 


SPRINGA 


STRI35 


3 Node linear curved thin shell 


3 


46 


STRI35 


STRI65 


6 Node quadratic curved thin shell 


4 


46 


STRI65 


T2D2 


2 Node linear 2D truss 


1 


23 


T2D2 


T2D2H 


2 Node linear 2D truss, hybrid 


1 


23 


T2D2H 


T2D3 


3 Node quadratic 2D truss 


2 


23 


T2D3 


T2D3H 


3 Node quadratic 2D truss, hybrid 


2 


23 


T2D3H 


T3D2 


2 Node linear 3D truss 


1 


24 


T3D2 


T3D2H 


2 Node linear 3D truss, hybrid 


1 


24 


T3D2H 


T3D3 


3 Node quadratic 3D truss 


2 


24 


T3D3 


T3D3H 


3 Node quadratic 3D truss, hybrid 


2 


24 


T3D3H 



Return to Table of Contents 



Appendix - ABAQUS Element Type Support 



Table 1 lists each supported ABAQUS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ABAQUS element types that are written to 
ABAQUS from Fern Builder. ABAQUS element types not directly supported on output will be mapped to 
the element type listed in the ABAQUS output column. 



Table 1: ABAQUS element type support 







ABAQUS Element 


FEM Builder 


Output 








Element 




Name 


Description 


Geom 


Anal 


Name 




B22 


3 Node quadratic 2D beam 


2 


25 


B22 




B22H 


3 Node quadratic 2D beam, hybrid 


2 


25 


B22H 




B23 


2 Node cubic 2D beam 


1 


25 


B23 




B23H 


2 Node cubic 2D beam, hybrid 


1 


25 


B23H 




B32 


3 Node quadratic 3D beam 


2 


26 


B32 




B32H 


3 Node quadratic 3D beam, hybrid 


2 


26 


B32H 




B33 


2 Node cubic 3D beam 


1 


26 


B33 




B33H 


2 Node cubic 3D beam, hybrid 


1 


26 


B33H 


q 


C3D4 


4 Node linear tetrahedron 


9 


60 


C3D4 




C3D4H 


4 Node linear tetrahedron, hybrid 


9 


60 


C3D4H 




C3D6 


6 Node linear wedqe 


12 


60 


C3D6 




C3D6H 


6 Node linear wedqe, hybrid 


12 


60 


C3D6H 




C3D8 


8 Node linear brick 


15 


60 


C3D8 


:» 


C3D8H 


8 Node linear brick, hybrid 


15 


60 


C3D8H 


! si 


C3D8R 


8 Node linear brick, reduced 


15 


60 


C3D8R 


..." 


C3D8RH 


8 Node linear brick, reduced, hybrid 


15 


60 


C3D8RH 


:,, 


C3D10 


10 Node quadratic tetrahedron 


10 


60 


C3D10 




C3D10H 


10 Node quadratic tetrahedron, hybrid 


10 


60 


C3D10H 




C3D15 


15 Node quadratic wedqe 


13 


60 


C3D15 




C3D15H 


1 5 Node quadratic wedqe, hybrid 


13 


60 


C3D15H 




O3D20 


20 Node quadratic brick 


16 


60 


C3D20 




C3D20H 


20 Node quadratic brick, hybrid 


16 


60 


C3D20H 




C3D20R 


20 Node quadratic brick, reduced 


16 


60 


C3D20R 




C3D20RH 


20 Node quadratic brick, reduced, hybrid 


16 


60 


C3D20RH 




CAX3 


3 Node linear axisymmetric trianqle 


3 


43 


CAX3 




CAX3H 


3 Node linear axisymmetric trianqie, hybrid 


3 


43 


CAX3H 




CAX4 


4 Node linear axisymmetric quad 


6 


43 


CAX4 




CAX4H 


4 Node linear axisymmetric quad, hybrid 


6 


43 


CAX4H 




CAX4I 


4 Node linear axisymmetric quad, incompatible 


6 


43 


CAX4H 




CAX4IH 


4 Node linear axisymmetric quad, incompatible, hybrid 


6 


43 


CAX4H 




CAX4R 


4 Node linear axisymmetric quad, reduced 


6 


43 


CAX4R 




CAX4RH 


4 Node linear axisymmetric quad, reduced, hybrid 


6 


43 


CAX4RH 




CAX6 


6 Node quadratic axisymmetric trianqle 


4 


43 


CAX6 




CAX6H 


6 Node quadratic axisymmetric trianqle, hybrid 


4 


43 


CAX6H 




CAX8 


8 Node quadratic axisymmetric quad 


7 


43 


CAX8 




CAX8H 


8 Node quadratic axisymmetric quad, hybrid 


7 


43 


CAX8H 




CAX8R 


8 Node quadratic axisymmetric quad, reduced 


7 


43 


CAX8R 




CAX8RH 


8 Node quadratic axisymmetric quad, reduced, hybrid 


7 


43 


CAX8RH 



CAXA4n 


4 Node linear asymmetric quad, n modes 


6 


44 


CAXA4n 


CAXA4Hn 


4 Node linear asymmetric quad, hybrid, n modes 


6 


44 


CAXA4Hn 


CAXA4Rn 


4 Node linear asymmetric quad, reduced, n modes 


6 


44 


CAXA4Rn 


CAXA4RHn 


4 Node linear asymmetric quad, reduced, hybrid, n modes 


6 


44 


CAXA4RHn 


CAXA8n 


8 Node quadratic asymmetric quad, n modes 


7 


44 


CAXA8n 


CAXA8Hn 


8 Node quadratic asymmetric quad, hybrid, n modes 


7 


44 


CAXA8Hn 


CAXA8Rn 


8 Node quadratic asymmetric quad, reduced, n modes 


7 


44 


CAXA8Rn 


CAXA8RHn 


8 Node quadratic asymmetric quad, reduced, hybrid, n modes 


7 


44 


CAXA8RHn 


CGAX3 


3 Node generalized linear axisymmetric triangle 


3 


43 


CGAX3 


CGAX3H 


3 Node Generalized linear axisvmmetric trianale hvbrid 

\J • * \J LA \A \A 1 1 V«/ | LA 1 iL-^VJ 111 1 LA 1 UAIvJ VI 1 1 1 1 Iv L| I LA L i 1 LA J k VA 1 V— ^ j I I Y KS 1 1 VA 


3 


43 


CGAX3H 


CGAX4 


4 Node generalized linear axisymmetric quad 


6 


43 


CGAX4 


CGAX4H 


4 Node generalized linear axisymmetric quad, hybrid 


6 


43 


CGAX4H 


CGAX4R 


4 Node aeneralized linear axisvmmetric auad reduced 

r ■ » va na w w i i w i v\a 1 1 tmm w \a iii i v«» la ■ la./v iw y i 1 11 J i l-s 1 1 la va < va ^ i w la v.* \a va 


6 


43 


CGAX4R 


CGAX4RH 


4 Node generalized linear axisymmetric quad, reduced, hybrid 


6 


43 


CGAX4RH 


CGAX6 


6 Node aeneralized auadratic axisvmmetric trianale 


4 


43 


CGAX6 


CGAX6H 


6 Node generalized quadratic axisymmetric triangle, hybrid 


4 


43 


CGAX6H 

Vv/ %X\LA1 1 


CGAX8 


8 Node generalized quadratic axisymmetric quad 


7 


43 


CGAX8 


CGAX8H 


8 Node generalized quadratic axisymmetric quad, hybrid 


7 


43 


CGAX8H 


CGAX8R 


8 Node aeneralized nuadratic axisvmmetric auad reduced 

V 1 yv^l UUUUIUUU UAtw y 1 I 1 1 1 IV LI IV VIVtVLVij 1 UVywU 


7 


43 


CGAX8R 


CGAX8RH 


8 Node aeneralized auadratic axisvmmetric auad reduced hvbrid 

LA 1 « VA L-l w V> 1 Ivl Ui 1 1 <c_ La VA VA VA LA LA 1 LA L I w CA/V IO y 1 i 11 1 1 L> Li 1 LA VA IA LA U i 1 U LA L4 V*/ w LJ , 1 I V L> I 1 VA 


7 


43 


CGAX8RH 

Wvl/V/AVI 11 1 


CPE3 


3 Node linear Diane strain trianale 

V 1 yUUU III VI Cll IV O It Ci 11 I LI 1CJ.I IUI W 


3 


41 


CPE3 


CPE3H 


3 Node linear nlanp strain triannlp hvhrid 


3 


41 


CPE3H 


CPE4 


4 Nodp linpar nlanp strain nuad 

i ) muuc nil crci i yjidi I v on dill v^viciu 


V 


41 


CPF4 


CPE4H 


4 Nodp linpar nlanp strain nnad hvhrid 

i 1 >ivv v Ill 1 VCil |^ICU Iv Oil Gil 1 U ClvJ , 1 iy Ul \\J 


vJ 


41 


CPE4H 


CPE4R 


4 Node linear Diane strain auad redured 

1 1 >l UUC 111 IwUI ^Jldl IV? Oil Clll 1 V^jVlGlVI, 1 VVlUIVVV! 


6 


41 


CPE4R 


CPE4RH 


4 Nndp linear nlane strain nuad rednred hvhrid 

" i ^uuu iii igui yjia\i\5 oiiciiii v|ucivj, i cuuucu , tiyuiivj 


6 


41 


CPF4RH 


CPE6 


6 Node auadratic Diane strain trianale 

V l VI VI CL VII CI ilv L/IU1 IO Oil Ci.ll 1 11 lul Iy 


4 


41 


CPE6 


CPE6H 


6 Node auadratic Diane strain trianale hvbrid 

V 1 N VV4 V VI VI VI V* 1 V4.LI V V I V4 I l\/ uvl Ul 1 1 11 IVL1 IU<v, 1 lyUI 


4 


41 


CPE6H 


CPE8 


8 Node auadratic Diane strain auad 

V 1 IV/UVi VI UUVjI 1 VL LI V IJIUJ IU OLl Cllf 1 UU VI Vt 


7 


41 


CPE8 


CPE8H 


8 Node auadratic Diane strain auad hvbrid 

\S 1 » \A LA w \A L4 LAVA 1 LA LI V./ KJ 1 LAI 1 W vJ LI LA 1 1 1 \A LA LAVA j 1 1 V Ly 1 1 VA 


I 7 


41 


CPE8H 


CPE8R 


8 Node auadratic Diane strain auad reduced 

J^VV-^V^ VL<>-4 1 VL Li V/ J-/ ■ VLI 1 \* Oil VLI 1 1 VJ UUU , 1 Vr V4 VI V>V> V4 


7\ 41 


CPE8R 


CPE8RH 


8 Node auadratic Diane strain auad reduced hvbrid 

* « v VA Sm* VA LA LA 1 LA Uw ILA 1 I w wll wAH < LA LA LA j 1 \y VjiUVv LA ^ J *^A 


7 


41 


CPE8RH 


CPS3 


3 Node linpar Diane strpss trianalp 

V I HVU V III 1V/VLI WIVLI IV Oil VOO II ICLI 1 Vj I V* 


3 


40 


CPS3 


CPS4 


4 Nodp linpar nlanp strpss nuad 

~ i mvuv iii i oci J yj ten iu on voo vjuciu 


6 


40 


CPS4 


CPS6 


Nndp nuadratic nlanp strpss triannlp 

V 1 1 »>JuU Vj LJ CI VI 1 CLllVr L^/ICll Iv Oil vOO 11 ICll I^IU 


4 


40 


CPS6 


CPS 8 


6 Node auadratic Diane stress auad 

V UULAUI UUL/ UICAI IV OLIvOO VI VI CI VI 


7 


40 


CPS 8 


DASHP0T1 


1 Node to around dashnot 

1 • » vUv L\y VA 1 \J LA 1 I VA LivAw 1 t kA VA L 


0 


2 


DASHPOT1 


DASHPOTA 

J— * * iwi xx \y x XX 


2 Node dashoot 

tl— 1 MvVIV V4CLOC IUUL 


1 


22 


DASHPOTA 


DC1D2 


2 Node heat transfer link 

1 MVVIV 1 1 WLL LI VLI IO 1 VI 111 ( IX 


1 


29 


DC1D2 


DC1D3 


3 Node heat transfpr link 

v i ^ v vi v i ivcii iiciiioivi iiii rv 


2 


29 


DC1D3 


DC2D3 


3 Nndp linpar hpat transfer triannlp 

v" liUUC lit lvu.1 1 Ivvll llCLiiOtvi LI IQ1 lyiv 


3 


48 




DC2D4 


4 Nodp linear hpat transfpr nuad 

» 1 MV/VJV ill 1 Vdl I 1 VCH IICIIIOIVI L|UuU 


6 


48 


DC2D4 


DC2D6 


Mndp ni ladratip hpat transfpr triannlp 
v i>*v/uv vj u dvi i o. li v i icai udiioivi ii icij iy»v 


4 


48 




DC2D& 


ft Nndp» niiadratir' h^at trartQf^r niiad 
kj nuuc v^uciuiclUv i ivcii li cx\ 101 vi ijuau 


7 


48 




DC3D4 


4 Mndp linear hpat transfpr tPtrah^dmn 

*t nUUC III iCCll J IvCXl llclllOivi Ivli Cll lUUl Ul 1 


9 


61 




DC3D6 


Nndp linear hpat tranQfpr w/pdnp 


12 


61 




DC3D8 


8 Node linear heat transfer brick 


15 


61 


DC3D8 


DC3D10 


1 0 Node quadratic heat transfer tetrahedron 


10 


61 


DC3D10 


DC3D15 


15 Node quadratic heat transfer wedge 


13 


61 


DC3D15 


DC3D20 


20 Node quadratic heat transfer brick 


16 


61 


DC3D20 


DCAX3 


3 Node linear axisymmetric heat transfer triangle 


3 


49 


DCAX3 


DCAX4 


4 Node linear axisymmetric heat transfer quad 


6 


49 


DCAX4 


DCAX6 


6 Node quadratic axisymmetric heat transfer triangle 


4 


49 


DCAX6 



DCAX8 


8 Node quadratic axisymmetric heat transfer quad 


7 


49 


DCAX8 


DINTERi 


1 Node per side heat transfer interface 


30 


85 


DINTERI 


DINTER2 


2 Node per side heat transfer interface 


31 


85 


DINTER2 


DINTER2A 


2 Node per side axisymmetric heat transfer interface 


31 


86 


DINTER2A 


DINTER3 


3 Node per side heat transfer interface 


32 


85 


DINTER3 


DINTER3A 


3 Node per side axisymmetric heat transfer interface 


32 


86 


DINTER3A 


DINTER4 


4 Node per face heat transfer interface 


34 


85 


DINTER4 


DINTER8 


8 Node per face heat transfer interface 


35 


85 


DINTER8 


DSAX1 


2 Node axisymmetric heat transfer shell 


1 


30 


DSAX1 


DSAX2 


3 Node axisymmetric heat transfer shell 


2 


30 


DSAX2 


GAPUNI 


2 Node qap 


30 


83 


GAPUNI 


INTER2 


2 Node per side interface 


31 


83 


INTER2 


INTER2A 


2 Node per side axisymmetric interface 


31 


84 


INTER2A 


INTERS 


3 Node per side interface 


32 


83 


INTER3 


INTER3A 


3 Node per side axisymmetric interface 


32 


84 


INTER3A 


INTER4 


4 Node per face interface 


34 


83 


INTER4 


INTER8 


8 Node per face interface 


35 


83 


INTERS 


INTER9 


9 Node per face interface 


36 


83 


INTER9 


IRS21A 


3 Node axisymmetric riqid surface 


41 


28 


IRS21A 


ISL21A 


3 Node axisymmetric slide line 


1 


28 


ISL2IA 


M3D3 


3 Node linear membrane triangle 


3 


45 


M3D3 


M3D4 


4 Node linear membrane auad 


6 


45 


M3D4 


M3D4R 


4 Node linear membrane quad, reduced 


6 


45 


M3D4R 


M3D6 


6 Node quadratic membrane triangle 


4 


45 


M3D6 


M3D8 


8 Node quadratic membrane quad 


7 


45 


M3D8 


M3D8R 


8 Node quadratic membrane quad, reduced 


7 


45 


M3D8R 


MASS 


1 Node point mass 


0 


3 


MASS 


S4R5 


4 Node linear curved thin shell, reduced 


6 


46 


S4R5 


S8R5 


8 Node Quadratic curved thin shell reduced 


7 


46 


S8R5 


SAX1 


2 Node linear axisymmetric shell 


1 


27 


SAX1 


SAX2 


3 Node quadratic axisymmetric shell 


2 


27 


SAX2 


SAXAln 


2 Node linear asymmetric shell, n modes 




28 


SAXAln 


SAXA2n 


3 Node quadratic asymmetric shell, n modes 


2 


28 


SAXA2n 


SPRING 1 


1 Node to ground spring 


0 


0 


SPRING 1 


SPRINGA 


2 Node to node spring 


1 


20 


SPRINGA 


STRI35 


3 Node linear curved thin shell 


3 


46 


STRI35 


STRI65 


6 Node quadratic curved thin shell 


4 


46 


STRI65 


T2D2 


2 Node linear 2D truss 


1 


23 


T2D2 


T2D2H 


2 Node linear 2D truss, hybrid 


1 


23 


T2D2H 


T2D3 


3 Node quadratic 2D truss 


2 


23 


T2D3 


T2D3H 


3 Node quadratic 2D truss, hybrid 


2 


23 


T2D3H 


T3D2 


2 Node linear 3D truss 


1 


24 


T3D2 


T3D2H 


2 Node linear 3D truss, hybrid 


1 


24 


T3D2H 


T3D3 


3 Node quadratic 3D truss 


2 


24 


T3D3 


T3D3H 


3 Node quadratic 3D truss, hybrid 


2 


24 


T3D3H 
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ANSYS 



ANS YS is a finite element code primarily used for structural analysis. FEM Builder supports model 
definition, boundary condition creation, and specification of material properties. Interfaces for reading 
results files , reading coded database files , and writing coded database files are described in the following 
sections. This interface was written to support ANSYS 5.6. 

ANSYS Read Results File Interface 

This interface reads ANSYS file output files. Nodes, elements, coordinate systems, and analysis results are 
extracted from the file data. The following analysis results are supported. 



Nodal Results 



Nodal Results 


Displacements 


Velocity 


Pressure 


Temperature 


Element Nodal Results 


Element Nodal Results 


Stress 


Strain - Elastic 


Strain - Plastic 


Strain - Creep 


Strain Energy Density 


Temperature 



Top 



ANSYS Read Coded Database File Interface 

This interface reads ANSYS coded database files written by the ANSYS CD WRITE command and only 
supports the coded database commands listed in the ANSYS documentation. Nodes, elements, coordinate 
systems, loads, boundary conditions, and material properties are extracted from the file data. 

Nodes 

The interface reads node label, coordinates, and displacement coordinate system. 
Elements 

The Fern Builder supported element types (geometry and analysis types) are found in Appendix - Element 
Library: Table 1 and Appendix - Element Library: Table 2 respectively. Table Appendix - ABAOUS 
Support: Table 1 lists each supported ANSYS element type and the geometry type and analysis type that it 
will be assigned as it is read into Fern Builder. 

Coordinate Systems 

The interface reads a coordinate system's origin, orientation, and type (e.g. rectangular, cylindrical, 
spherical). 

Loads and Boundary Conditions 

For structural and thermal results, the following table lists ANSYS supported loads and their supported 
counterparts in Fern Builder. 



Type 


ANSYS 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 





Rotations 


Restraints (4-6) 


Forces 


Nodal Forces (1-3) 


Moments 


Nodal Forces (4-6) 


Pressure 


Pressure 


Temperature 


Temperature 


Fluence 


Not supported 


Thermal 


Temperature 


Fixed Temperature 


Heat Flow Rate 


Not supported 


Convection 


Convection 


Heat Flux 


Heat Flux 


Infinite Surface 


Not supported 


Heat Generation 
Rate 


Heat Source (on an 
element or node) 



Material Properties 

The following table lists the ANS YS supported material properties and their supported counterparts in Fern 
Builder, 



ANSYS 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion Coef. 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Thermal Conductivity 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Mass Density 


Density 


Specific Heat 


Specific Heat - CP 


Emissivity 


Emissivity 



Top 



ANSYS Write Coded Database File Interface 

This interface writes ANSYS coded database files and only supports the coded database commands listed 
in the ANSYS documentation. Nodes, elements, coordinate systems, loads, boundary conditions, and 
material properties are extracted from Fern Builder and written out in an ANSYS coded database file. 

Nodes 

The interface writes node label, coordinates, and rotation angles. 
Elements 

The Fern Builder supported element types (geometry and analysis types) are found in Appendix - Element 
Library: Table 1 and Appendix - Element Library: Table 2 respectively. Tables Appendix - Ansys Support: 
Tables 2 to 7 lists each Fern Builder geometry and analysis type and the supported ANSYS element type 
that it will be assigned as the ANSYS coded database file is written. Some Fern Builder element types, such 
as wedges, tetrahedrons, and triangles, are supported in ANSYS by writing it as a degenerate form of a 
supported element type (e.g. a linear triangle would be written as a degenerate form of ANSYS element 
type PLANE42). 



Coordinate Systems 

The interface writes a coordinate system's origin, rotation angles, and type (e.g. rectangular, cylindrical, 
spherical). 

Loads and Boundary Conditions 

For structural and thermal results, the following table lists ANSYS supported loads and their supported 
counterparts in Fern Builder. 



Type 


ANSYS 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 


Rotations 


Restraints (4-6) 


Forces 


Nodal Forces (1-3) 


Moments 


Nodal Forces (4-6) 


Pressure 


Pressure 


Temperature 


Temperature 


Fluence 


Not supported 


Thermal 


Temperature 


Fixed Temperature 


Heat Flow Rate 


Not supported 


Convection 


Convection 


Heat Flux 


Heat Flux 


Infinite Surface 


Not supported 


Heat Generation 
Rate 


Heat Source (on an 
element or node) 



Material Properties 

The following table lists the ANSYS supported material properties and their supported counterparts in Fern 
Builder. 



ANSYS 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotopic 
Elastic Modulus - Anisotropic 


Thermal Expansion Coef. 


Expansion - Isotropic 
Expansion - Orthotxopic 
Expansion - Anisotropic 


Thermal Conductivity 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Mass Densitv 


Density 


Specific Heat 


Specific Heat -CP 


Emissivity 


Emissivity 



Top 
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Appendix - Element Library 



Node Key: 

X Corner and Mid-side node (Required) 
q Mid-side node (Optional) 
_|_ Face center node (Optional) 
<^> Element center node (Optional) 



Type 



Linear 



Parabolic 



Variable 



Point 



x 

0 



Line 



x 



Triangle 

Face 0=0,1, 3 
Face 1=1,2, 4 
Face 2=2,0, 5 






Quadrilateral 
Face 0=0,1, 4 
Face 1=1,2, 5 
Face 2=2,3, 6 
Face 3=3,0, 7 



Tetrahedron 

Face 0=0,2,1, 6,5,4 

Face 1=0,1,3, 4,8,7 

Face 2=1,2,3, 5,9,8 

Face 3=2,0,3, 6,7,9 




* * -K 

4 







Wedge 

Face 0=0,2,1, 8,7,6 
Face 1=3,4,5, 9,10,11 
Face 2=0,1,4,3, 6,13,9,12,15 
Face 3=1,2,5,4, 7,14,10,13,16 
Face 4=2,0,3,5, 8,12,11,14,17 






Brick 

Face 0=0,3,2,1, 11,10,9,8,21 
Face 1=4,5,6,7, 12,13,14,15,22 
Face 2=0, 1,5,4, 8,17,12,16,23 
Face 3=1,2,6,5, 9,18,13,17,24 
Face 4=2,3,7,6, 10,19,14,18,25 
Face 5=3,0,4,7, 11,16,15,19,26 






Element Type Support 

A geometry type, such as linear triangle or linear quadrilateral, and an analysis type, such as plane stress or 
plane strain, define a Fern Builder element types. Table A.l-1 lists Fern Builder geometry types. Table A.I- 
2 lists Fern Builder analysis types. 



Table 1: Fern Builder geometry types 



0 


Point 


1 


Linear Line 


2 


Quadratic Line 


3 


Linear Triangle 


4 


Quadratic Triangle 


5 


Variable Triangle 


6 


Linear Quad 


7 


Quadratic Quad 


8 


Variable Quad 


9 


Linear Tetra 


10 


Quadratic Tetra 


11 


Variable Tetra 


12 


Linear Wedge 


13 


Quadratic Wedge 


14 


Variable Wedge 


15 


Linear Brick 


16 


Quadratic Brick 


17 


Variable Brick 


30 


2 Node Interface: Opposing sides, point 


31 


4 Node Interface: Opposing sides, line 


32 


6 Node Interface: Opposing sides, line 


33 


6 Node Interface: Opposing faces 


34 


8 Node Interface: Opposing faces 


35 


16 Node Interface: Opposing faces 


36 


18 Node Interface: Opposing faces 


40 


1 Node + ref node Interface: Rigid, point 


41 


2 Node + ref node Rigid interface, line 


42 


3 Node + ref node Rigid interface, line 


43 


3 Node + ref node Rigid interface 


44 


4 Node + ref node Rigid interface 


45 


8 Node + ref node Rigid interface 


46 


9 Node + ref node Rigid interface 


50 


2D Infinite, 2-9 Node 


51 


3D Infinite, 4-27 Node 


60 


N Node User defined 



Table 2: Fern Builder Analysis Types 



Types for point elements 



0 


Nfode to ground translational spring 


1 


Node to ground rotational spring 


2 


Node to ground damper 


3 


Point mass 


Types for line elements 


20 


Node to node translational spring 


21 


Node to node rotational spring 


22 


Node to node damper 


23 


2D Truss 


24 


3D Truss 


25 


2D Beam 


26 


3D Beam 


27 


Axisymmetric shell 


28 


Asymmetric shell 


29 


Heat transfer 


30 


Axisymmetric heat transfer 


31 


Slide line 


Types for planar elements 


40 


Plane stress 


41 


Plane strain 


42 


Generalized plane strain 


43 


Axisymmetric 


44 


Asymmetric 


45 


Membrane 


46 


Shell 


47 


Fluid 


48 


Heat transfer 


49 


Axisymmetric heat transfer 


Types for 3D elements 


60 


Structural 


61 


Heat transfer 


62 


Fluid 


Types for interface elements 


80 


1 DOF structural interface 


81 


2 DOF structural interface 


82 


3 DOF structural interface 


83 


Structural interface 


84 


Axisymmetric structural interface 


85 


Heat transfer interface 


86 


Axisymmetric heat transfer interface 


Types for infinite elements 


100 


Plane stress 


101 


Plane strain 


102 


Axisymmetric 


103 


Solid 


Type for user defined elements 


120 User defined 
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Appendix - Element Library 



Node Key: 

Corner and Mid-side node (Required) 

q Mid-side node (Optional) 
_|_ Face center node (Optional) 
/\ Element center node (Optional) 



Type 


Linear 


Parabolic 


Variable 


Point 


X 
0 






Line 


X X 

0 1 


X * X 

2 




Triangle 
Face 0=0,1, 3 
Face 1=1,2, 4 
Face 2=2,0, 5 


2> 

; 

0 


< 2^. 


1 


5 




( 

: 


i s 






3 






Quadrilateral 

Face 0=0,1, 4 
Face 1=1,2, 5 
Face 2=2,3, 6 
Face 3=3,0, 7 


3' 




^2 
(. 

1 








<■ $ 


) 

7) 

: 


6 


: 


c 


) + ( 

8 




0 


$ X- ? 

4 




Tetrahedron 

Face 0=0,2,1, 6,5,4 
Face 1=0,1,3, 4,8,7 
Face 2=1,2,3, 5,9,8 
Face 3=2,0,3, 6,7,9 




3 

1 








Wedge 

Face 0=0,2,1, 8,7,6 
Face 1=3,4,5, 9,10,11 
Face 2=0,1,4,3, 6,13,9,12,15 
Face 3=1,2,5,4, 7,14,10,13,16 
Face 4=2,0,3,5, 8,12,11,14,17 


3 : 
0- 




1 


*2 






:i3 


: 

C14 


( 




+ 


< 
) 


Brick 

Face 0=0,3,2,1, 11,10,9,8,21 
Face 1=4,5,6,7, 12,13,14,15,22 
Face 2=0, 1,5,4, 8,17,12,16,23 
Face 3=1,2,6,5, 9,18,13,17,24 
Face 4=2,3,7,6, 10,19,14,18,25 
Face 5=3,0,4,7, 11,16,15,19,26 






V 






15^^ — - 

6 

,'11 

8^ 


A 


18 




j2r 122 

:> 23+^0 




) 

c 



Element Type Support 

A geometry type, such as linear triangle or linear quadrilateral, and an analysis type, such as plane stress or 
plane strain, define a Fern Builder element types. Table A.l-1 lists Fern Builder geometry types. Table A.I- 
2 lists Fern Builder analysis types. 



Table 1: Fern Builder geometry types 



0 


Point 


1 


Linear Line 


2 


Quadratic Line 


3 


Linear Triangle 


4 


Quadratic Triangle 


5 


Variable Triangle 


6 


Linear Quad 


7 


Quadratic Quad 


8 


Variable Quad 


9 


Linear Tetra 


10 


Quadratic Tetra 


11 


Variable Tetra 


12 


Linear Wedge 


13 


Quadratic Wedge 


14 


Variable Wedge 


15 


Linear Brick 


16 


Quadratic Brick 


17 


Variable Brick 


30 


2 Node Interface: Opposing sides, point 


31" 


4 Node Interface: Opposing sides, line 


32 


6 Node Interface: Opposing sides, line 


33 


6 Node Interface: Opposing faces 


34 


8 Node Interface: Opposing faces 


35 


16 Node Interface: Opposing faces 


36 


18 Node Interface: Opposing faces 


40 


1 Node + ref node Interface: Rigid, point 


41 


2 Node + ref node Rigid interface, line \ 


42 


3 Node + ref node Rigid interface, line 


43 


3 Node + ref node Rigid interface 


44 


4 Node + ref node Rigid interface 


45 


8 Node + ref node Rigid interface 


46 


9 Node + ref node Rigid interface 


50 


2D Infinite, 2-9 Node 


51 


3D Infinite, 4-27 Node 


60 


N Node User defined 



Table 2: Fern Builder Analysis Types 



Types for point elements 



0 


Node to ground translational spring 


1 


Node to ground rotational spring 


2 


Node to ground damper 


3 


Point mass 


Types for line elements 


20 


Node to node translational spring 


21 


Node to node rotational spring 


22 


Node to node damper 


23 


2D Truss 


24 


3D Truss 


25 


2D Beam 


26 


3D Beam 


27 


Axisymmetric shell 


28 


Asymmetric shell 


29 


Heat transfer 


30 


Axisymmetric heat transfer 


31 


Slide line 


Types for planar elements 


40 


Plane stress 


41 


Plane strain 


42 


Generalized plane strain 


43 


Axisymmetric 


44 


Asymmetric 


45 


Membrane 


46 


Shell 


47 


Fluid 


48 


Heat transfer 


49 


Axisymmetric heat transfer 


Types for 3D elements 


60 


Structural 


61 


Heat transfer 


62 


Fluid 


Types for interface elements 


80 


1 DOF structural interface 


81 


2 DOF structural interface 


82 


3 DOF structural interface 


83 


Structural interface 


84 


Axisymmetric structural interface 


85 


Heat transfer interface 


86 


Axisymmetric heat transfer interface 


Types for infinite elements 


100 


Plane stress 


101 


Plane strain 


102 


Axisymmetric 


103 


Solid 


Type for user defined elements 


120 User defined 
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Appendix - ANSYS Element Type Support 



Table 1 lists each supported ANSYS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ANSYS element types that are written to ANSYS 
from Fern Builder. ANSYS element types not directly supported on output will be mapped to the element 
type listed in the ANSYS output column. 



Table 1 : ANSYS element type support 



ANSYS Input 


FEM Build 


erType 


ANSYS Output 


Name 


Description 


Geometry 


Analysis 


Map to Element 


LINK1 


2D Spar 


1 


23 


1 


*PLANE2 


2D 6 node Triangle, Plane Stress 
2D 6 node Triangle, Plane Strain 
2D 6 node Triangle, Axisymmetric 


4 


40 


82 


41 


82,84,108 


43 


82,84,108 


BEAM3 


2D Elastic Beam 


1 


25 


3 


BEAM4 


3D Elastic Beam 


1 


26 


4 


*SOLiD5 


3D 8 node Coupled Solid (brick or wedge) 


12,15 


60 


45,64,86,107 








61 


70 


COMBIN7 


Revoluts Joint 


not supported 






LINK8 


3D Soar 


1 


24 


8 


INF1N9 


2D Infinite Boundarv 

t— i— / II ill! H L\-/ UvUI tuui y 


not supported 




*LINK10 


3D Soar - Tension onlv 


1 


23 


1 


*LINK11 


3D Artuatnr 


1 


23 


1 


CONTAC12 


PD Pnint tn Pnint Hnntart 


30 


81 


12 


PLANE13 


PD C)n\ inlpH FipIH ninp>ar nn^rt trh 

C-S-J ^JIOVJ I 1CIU I III lv7di LjuuUj LI ij 


3,6 


40 


42 


41 


42,56,106,182 


43 


42,56,106,182 


48 


55,57 


49 


55,75 


COMBIN14 


Spring and/or Damper (1D,2D, and 3D) 


1 


20 


14 


21 


14 


22 


14 


PIPE16 


Elastic Straight Pipe 


1 


26 


4 


PIPE17 


Elastic Pipe Tee 


not supportec 






PIPE18 


Elastic Curved Pipe (elbow) 


not supported 




SURF19 


2D Surface Effect 


not supported 




PIPE20 


Plastic Straight Pipe 


not supportec 






MASS21 


Structural Point Mass 


0 


3 


21,71 


SURF22 


3D Surface Effect 


not supportec 






*BEAM23 


2D Linear Beam 


1 


25 


3 


*BEAM24 


3D Linear Beam 


1 


26 


4 


PLANE25 


Axisymmetric with Asymetric loads 


3,6 


44 


25 


CONTAC26 


2D Point to Ground Contact 


40 


81 


26 


MATRIX27 


Stiffness, Damping, or Mass Matrix 


not supportec 






*SHELL28 


Shear/Twist Panel 


6 


46 


63,181 


FLUID29 


2D Acoustic Fluid 


not supportec 






FLUID30 


3D Acoustic Fluid 


not supportec 






*LINK31 


Radiation (Is this a boundary condition?) 


1 


29,30 


32 


29 


33 



LINK32 


2D Conduction 


1 


29,30 


32 


L1NK33 


3D Conduction 


1 


29 


33 


Name 


Description 


Geometry 


Analysis 


Map to Element 


*LINK34 


Convection (Is this a boundary condition?) 


1 


29,30 


32 


29 


33 


*PLANE35 


2D 6 node Triangular Thermal Solid 


4 


48,49 


77 


SOURC36 


Current Source 


not supported 


* 


COMBIN37 


Control 


not supported 




FLUID38 


Dynamic Fluid Coupling 


not supported 






*COMBIN39 


Nonlinear Spring (translation) 


1 


20 


14 


(rotation) 


21 


14 


COMBIN40 


Combination 


30 


80,85 


40 


SHELL41 


Membrane Shell 


3,6 


45 


41 


PLANE42 


2D 4 node Structural Solid (stress) 


3,6 


40 


42,182 


(strain) 


41 


42,182 


(axisymmetric) 


43 


42,182 


*SHELL43 


Plastic Large Strain Shell 


3,6 


46 


63,181 


BEAM44 


3D Offset Tapered Unsymmetric Beam 


not supported 






SOLID45 


3D Structural Solid 


9,12,15 


60 


45 


*SOLID46 


3D Layered Structural Solid 


9,12,15 


60 


45,64,86,107 


INFIN47 


3D Infinite Boundary 


not supported 






CONTAC48 


2D Point to Surface Contact 


not supported 




CONTAC49 


3D Point to Surface Contact 


not supported 




MATRIX50 


Superelement 


not supported 






*SHELL51 


Axisymmetric Structual Shell 


1 


27 


61 


CONTAC52 


3D Point to Point Contact 


30 


82,83 


52 


PLANE53 


Magnetic 


not supported 






*BEAM54 


2D Offset Tapered Unsymmetric Beam 


not supported 




3 


PLANE55 


2D Thermal Solid 


3,6 


48 


55,57 


49 


55,75 


HYPER56 


2D 4 node Hyperelastic Solid 


3,6 


41,43 


42,56,106,182 


SHELL57 


3D 4 node Thermal Shell 


3,6 


48 


57 


*HYPER58 


3D 8 node Hyperelastic Solid 


9,12,15 


60 


45,64,86,107 


PIPE59 


Immersed Pipe or Cable 


not supported 




PIPE60 


Plastic Curved Pipe (elbow) 


not supported 




SHELL61 


2 node Axisymmetric with Asymetric Loads 


1 


27 


61 


SOLID62 


Magnetic Solid 


not supported 




*SHELL63 


3D 4 node Elastic Shell 


3,6 


46 


63,181 


SOLID64 


3D 8 node Anisotropic Solid 


9,12,15 


60 


45,64,86,107 


*SOLID65 


Reinforced Concrete 


9,12,15 


60 


45,64,86,107 


*FLUID66 


3D Thermal Fluid Pipe 


1 


29 


32,33 


*PLANE67 


4 node Thermal Electric Solid, Linear 


3,6 


48 


55,57 


*LINK68 


Thermal Electric Line 


1 


29 


32,33 


*SOLID69 


3D Thermal Electric Solid 


9,12,15 


61 


70 


SOLID70 


3D Thermal Solid 


9,12,15 


61 


70 


MASS71 


Thermal Point Mass 


0 


3 


21,71 


*SOLID72 


3D 4 node Tetrahedron with Rotations 


9 


60 


72,86,107 


*SOLID73 


3D 8 node Structural Brick with Rotations 


9,12,15 


60 


45,64,86,107 


*HYPER74 


2D 8 node Hyper-elastic Solid 


4,7 


41,43 


82,84,108 


PLANE75 


4 node Thermal Axisymmetric with Asymmetric 
Loads 


3,6 


49 


55,75 


PLANE77 


2D 8 node Thermal Solid 


4,7 


48 


77 


49 


77,78 


PLANE78 


8 node Thermal Axisymmetric with Asymmetric 


4,7 


49 


77,78 





Loads 








FLUID79 


2D Contained Fluid 


not supported 




Name 


Description 


Geometry 


Analysis 


Map to Element 


FLUID80 


3D Contained Fluid 


not supported 




FLUID81 


Axisymmetric-Harmonic Contained Fluid 


not supported 






PLANE82 


2D 8 node Structural Solid 


4,7 


40 


82 


41 


82,84,108 


43 


82,84,108 


*PLANE83 


8 node Axisymmetric with Asymmetric Loads 


4,7 


43 


82,84,108 


HYPER84 


2D 8 node Hyperelastic Structural Solid 


4,7 


43 


82,84,108 


HYPER86 


3D 8 node Hyperelastic Structural Solid 


9,12,15 


60 


45,64,86,107 


*SOLID87 


10 node Thermal Tetrahedron 


10 


61 


90 


*VISC088 


2D 8 node Viscoelastic Solid 


4,7 


41,43 


82,84,108 


*VISC089 


3D 20 node Viscoelastic Solid 


9,12,15 


60 


45,64,86,107 


SOLID90 


20 node Thermal Solid 


10,13,16 


61 


90 


*SHELL91 


8 node Nonlinear Layered Structural Shell 


4,7 


46 


93,99 


*SOLID92 


10 node Structural Tetrahedron 


10 


60 


92,158 


SHELL93 


8 node Structural Shell 


4,7 


46 


93,99 


SOLID95 


20 node Structural Solid 


10,13,16 


60 


95,185 


SOLID96 


3D Magnetic Scalar Solid 


not supported 




SOLID97 


3D Magnetic Solid 


not supported 




*SOLID98 


10 node Coupled Field Tetrahedron 


10 


60 


95,185 


61 


90 


SHELL99 


8 node Layered Shell 


4,7 


46 


93,99 


VISCO106 


2D 4 node Large Strain (viscoelastic) 


3,6 


41,43 


42,56,106,182 


VISCO107 


3D 8 node Large Strain (viscoelastic) 


9,12,15 


60 


45,64,86,107 


V1SCO108 


2D 8 node Large Strain (viscoelastic) 


4,7 


41,43 


82,84,108 


INFIN110 


2D 4 node Infinite Solid 


50 


100,101, 
axi 


110 


51 


100,101, 
axi 


110 


INF1N111 


3D 8 node Infinite Solid 


51 


102 


111 






not supportec 






INTER115 


3D Magnetic Interface 


not supported 




*FLUID116 


3D 2 node Thermal Fluid Pipe 


1 


29 


32,33 


S0LID117 


3D Magnetic Solid 


not supported 




HF119 


3D Tetrahedral High-frequency 


not supported 




HF120 


3D BrickAA/edge High-frequency 


not supported 




PLANE121 


2D 8 node Electrostatic Solid 


not supported 




SOLID122 


3D 20 node Electrostatic Solid 


not supported 




SOLID123 


3D 1 0 node Tetrahedral Electrostatic Solid 


not supported 




CIRCU124 


General Circuit 


not supported 




FLUID129 


2D Infinite Acoustic 


not supported 




FLU I D1 30 


3D Infinite Acoustic 


not supportec 






*FLUID141 


2D 4 node Thermal Fluid 


3,6 


48 


55,57 


FLU I D1 42 


3D 8 node Thermal Fluid 


9,12,15 


62 


142 


*SHELL143 


3D 4 node Plastic Shell 


3,6 


46 


63,181 


*PLANE145 


2D 8 node Structural P-element 


4,7 


40,41 ,43 


82,84,108 


*PLANE146 


2D 6 node Structual P-element 


4 


40,41 ,43 


82,84,108 


*SOLID147 


3D 20 node Structural Brick P-element 


10,13,16 


60 


95,185 


*SOLID148 


3D 10 node Structrual Tetrahedron 


10 


60 


95,185 


*SHELL150 


3D 8 node Structural Shell P-element 


4,7 


46 


93,99 


SURF151 


2D Thermal Surface Effect 


not supported 




ISURF152 


3D Thermal Surface Effect 


not supported 





oUnr loo 


oiruciurai ounace cneci 


not supported 




oUnr I04 


ou oiruciurai ounace tneci 


not supported 






Name 


Description 


Geometry 


Analysis 


iviap 10 ciemeni 


ontzLL 1 0/ 


4 node Thermal-electric Shell 


3,6 


48 


RR R~7 


*UVDCD-I CO 

MYrtnlOo 


3D 10 node Hyperelastic Tetrahedron 


10 


60 


1 RR 

loo 


LllNr\ I oU 


ou explicit opar 


not supported 






DCAMlD 1 


ou explicit beam 


not supported 




bHLLL163 


Explicit mm btructural bnell 


not supported 




SOL1D164 


3D Explicit Structural bnell 


not supported 




COMBIN165 


Explicit Spring-Damper 


not supported 




MASS166 


3D Explicit Structural Mass 


not supported 




LINK1 67 


Explicit Spar (tension only) 


not supported 




TARGE169 


2D target segmet (slide line) 


supported, not as an element 


TARGE170 


3D Target Surface 


not supported 




C0NTA171 


2D Surface to Surface Contact 


supported, not as an element 


CONTA172 


2D 3 node Surface to Surface Contact 


supported, not as an element 


r>AMTA H ~70 

UUN I A I/O 


3D burtace to burtace oontact 


supported, not as an element 


UUN I A I /4 


3D 8 node Surface to Surface Contact 


supported, not as an element 


0 1 ! r~i 1 -1 0 H 


3D 4 Node Structural Shell (reduced integrate) 


3,6 


46 


63,181 


PI AMP1 «o 


d\j ^- noue oiruciurai oonu ^ reduced inieyrdiej 


3,6 


40 


42,182 


41 


42,56,106,182 


43 


42,56,106,182 


SOLID185 


3D 8 node Structural Solid (reduced integrate) 


10,13,16 


60 


95,185 


BEAM188 


3D 2 node Finite Strain Beam 


not supportec 






BEAM189 


3D 3 node Finite Strain Beam 


not supported 





lsSs * Element type not supported on output to ANSYS. Output to ANSYS uses the mapped 

element type. 

! 3 A.2 Element mapping from Fern Builder to ANSYS 

.& 

The following tables map the Fern Builder geometry and analysis types to the supported ANSYS elements 
that are written in the Fern Builder to ANSYS output file. 



Table 2: Types for point elements 





Geometry type 


Point 


Analysis type 






Node to ground transiationai spring 


0 




Node to ground rotational spring 


: 1 




Node to ground damper 


2 




Point mass 


3 


21,71 



ST 



Table 3: Types for line elements 





Geometry type 


Linear Line 


Quadratic Line 


Analysis type 






• ■■ ^ 


Node to node transiationai spring 


|2Q 


14 




Node to node rotational spring 




14 




Node to node damper 


.22 


14 




2D Truss 


2? 


1 


1 


3D Truss 


24 


8 


8 


2D Beam 


25 


3 


3 


3D Beam 


3 6 


4 


189 


Axisymmetric shell 


{21 


61 


61 


Asymmetric shell 


,28 


61 


61 ! 


Heat transfer 


:29 


32,33 


32,33 


Axisymmetric heat transfer 


-30 


32 


32 



Table 4: Types for planar elements 





Geometry type 


Linear Triangle 


Quadratic Triangle 


Variable Triangle 


Linear Quad 


Quadratic Quad 


Variable Quad 


Analysis type 




3 £f; ,;vi; :* 




5^ ;r/ .;>- 


6 *~- • V/Jj^&v 




8 V-,/ -n 


Plane stress 


;4Q 


42,182 


82 


82 


42,182 


82 


82 


Plane strain 


31 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Generalized plane strain 


-42 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Axisymmetric 


43 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Asymmetric 


;44 


25 


83,84 


83,84 


25 


83,84 


83,84 


Membrane 


* 45 


41 






41 






Shell 


- 46 


63,181 


93,99 


93,99 


63,181 


93,99 


93,99 


Fluid 


'47 


141 


141 


141 


141 


141 


141 


Heat transfer 


-48 


55,57 


77 


77 


55,57 


77 


77 


Axisymmetric heat transfer 


-.49 


55,75 


77,78 


77,78 


55,75 


77,78 


77,78 



S3 



Table 



5: Types for 3 dimensional 



elements 
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m 




0 


H 


1 


0 






0 


co 




0 

jQ 




E 


as 


"O 


.a 


i_ 
CO 




JQ 
CO 


CO 


*D 


CO 




o 


0) 


CO 




0 


CO 




0 


CO 






CD 


c 


13 


CO 


c 




CO 


c 




CO 




a 


□ 


a 


> 


_J 


a 


> 


_l 


O 


> 


Analysis type 


'. 












14 - ; 


15£ 


16///;, 


jj//;/ 


Structural 


:»'60 

-i ' > * 


72,86,107 


92,158 


92,158 


45,64,86,107 


95,185 


95,185 




95,185 


95,185 


Heat transfer 




70 


90 


90 


70 


90 


90 


70 


90 


90 


Fluid 




142 


142 


142 








142 


142 


142 



Table 6: Types for interface elements 





Geometry Type 


2 Node Interface: Opposing sides 


4 Node Interface: Opposing sides 


6 Node Interface: Opposing sides 


6 Node Interface: Opposing faces 


8 Node Interface: Opposing faces 


16 Node Interface: Opposing 
faces 


18 Node Interface* Opposing 
faces 


1 Node + ref node Interface: 
Rigid 


2 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


4 Node + ref node Rigid interface 


8 Node + ref node Rigid interface 


9 Node + ref node Rigid interface 


Analysis Type 




30, 


31/ 


32,. 


33 ■ 


34 . 


35?rv 


36 r ~ 


40 i 


41 " 


42- 


43/ 


44 


45" 


46 , 


1 DOF structural interface 


1,80 


40 




























2 DOF structural interface 


:81 


12 














26 














3 DOF structural interface 


282 


52 




























Structural interface 


^83 


52 




























Axisym metric structural interface 


1 84 






























Heat transfer interface 


„85 


40 




























Axisymmetric heat transfer interface 


86 































Table 7: Types for infinite elements 







0 












a 




CNI i 








>» 


CVJ 




0 






>> 


£ 


£ 


W 

Z> 






0 


c 


c 


0 X3 






E 
o 


0 


"c 0 


*D CD 
O c 






0 


— -a 

Q O 


— "O 

Q o 


1% 






a 


c\j Z 


CO Z 


Z -a 


Analysis type 




50 1 


51" , 


60 * 


Plane stress 


^100 


110 






Plane strain 


M01 


110 






Axisymmetric 


.102 


110 







51 



Solid 


m 




111 




Type for user defined elements 


m 






m 


User defined 
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Appendix - ANSYS Element Type Support 



Table 1 lists each supported ANSYS element type and the geometry type and analysis type that it is 
assigned when reading into Fern Builder. It also lists the ANSYS element types that are written to ANSYS 
from Fern Builder. ANSYS element types not directly supported on output will be mapped to the element 
type listed in the ANSYS output column. 



Table 1 : ANSYS element type support 



ANSYS input 


FEM Builder Type 


ANSYS Output 


Name 


Description 


Geometry 


Analysis 


Map to Element 


LINK1 


2D Spar 


1 


23 


1 


♦PLANE2 


2D 6 node Triangle, Plane Stress 
2D 6 node Triangle, Plane Strain 
2D 6 node Triangle, Axisymmetric 


4 


40 


82 


41 


82,84,108 


43 


82,84,108 


BEAM3 


2D Elastic Beam 


1 


25 


3 


BEAM4 


3D Elastic Beam 


1 


26 


4 


*SOLID5 


3D 8 node Coupled Solid (brick or wedge) 


12,15 


60 


45,64,86,107 








61 


70 


COMBIN7 


Revolute Joint 


not supported 






LINK8 


3D Spar 


1 


24 


8 


INFIN9 


2D Infinite Boundary 


not supported 






*L!NK10 


3D Spar - Tension only 


1 


23 


1 


*LINK11 


3D Actuator 


1 


23 


1 


CONTAC12 


2D Point to Point Contact 


30 


81 


12 


PLANE13 


2D Coupled Field (linear quad.tri) 


3,6 


40 


42 


41 


42,56,106,182 


43 


42,56,106,182 


48 


55,57 


49 


55,75 


COMBIN14 


Spring and/or Damper (1 D,2D, and 3D) 


1 


20 


14 


21 


14 


22 


14 


P1PE16 


Elastic Straight Pipe 


1 


26 


4 


PIPE17 


Elastic Pipe Tee 


not supported 




PIPE18 


Elastic Curved Pipe (elbow) 


not supported 




SURF19 


2D Surface Effect 


not supported 




PIPE20 


Plastic Straight Pipe 


not supported 




MASS21 


Structural Point Mass 


0 |3 


21,71 


SURF22 


3D Surface Effect 


not supported 




*BEAM23 


2D Linear Beam 


1 


25 


3 


*BEAM24 


3D Linear Beam 


1 


26 


4 


PLANE25 


Axisymmetric with Asymetric loads 


3,6 


44 


25 


CONTAC26 


2D Point to Ground Contact 


40 


81 


26 


MATRIX27 


Stiffness, Damping, or Mass Matrix 


not supportec 






*SHELL28 


Shear/Twist Panel 


6 


46 


63,181 


FLUID29 


2D Acoustic Fluid 


not supporte< 


i 




FLUID30 


3D Acoustic Fluid 


not supportet 


i 




*LINK31 


Radiation (Is this a boundary condition?) 


1 


29,30 


32 


29 


33 



LINK32 


2D Conduction 


1 < 


£y,ou 


39 

DC. 


LINK33 


3D Conduction 


l i 




DO 


Name 


Description 


Geometry 


Analysis 


Map to clement 


*LINK34 


Convection (Is this a boundary condition?) 


1 


29,30 


5Z 






29 




*PLANE35 


2D 6 node Triangular Thermal Solid 


4 


48,49 


/ ( 


SOURC36 


Current Source 


not supported 






s~\ s~\ a milk im 

COMBIN37 


Control 


not supported 




FLUID38 


Dynamic Fluid Coupling 


not supported 






*COMBIN39 


Nonlinear Spring (translation) 


1 


20 


1 A 

1 4 




(rotation) 




21 


1 A 
I 4 


COMBIN40 


Combination 


30 


80,85 


ACS 
4U 


SHELL41 


Membrane Shell 


3,6 


45 


A"\ 
4 I 


PLANE42 


2D 4 node Structural Solid (stress) 


3,6 


40 


AO i QO 
HtC , I OC. 




(strain) 




41 


AO 1 QO 
4^, I 0£\ 




(axisymmetric) 




43 


AO 1 ft 9 
4Z, I Oc. 


*SHELL43 


Plastic Larqe Strain Shell 


3,6 


46 


Do, I 0 I 


BEAM44 


3D Offset Tapered Unsymmetric Beam 


not supported 






SOLID45 


3D Structural Solid 


9,12,15 


60 


43 


*SOLID46 


3D Layered Structural Solid 


9,12,15 


60 


45,O4,O0,l 0/ 


INFIN47 


3D Infinite Boundary 


not supported 






CONTAC48 


2D Point to Surface Contact 


not supported 




CONTAC49 


3D Point to Surface Contact 


not supported 




MATRIX50 


Supereiement 


not supported 






*SHELL51 


Axisymmetric Structuai Shell 


1 


27 


b 1 


CONTAC52 


3D Point to Point Contact 


30 


82,83 


52 


PLANE53 


Magnetic 


not supported 






*BEAM54 


2D Offset Tapered Unsymmetric Beam 


not supported 




O 


PLANE55 


2D Thermal Solid 


3,6 


48 


55,57 








49 


55,75 


HYPER56 


2D 4 node Hyperelastic Solid 


3,6 


41,43 


42,56, 106,18^ 


SHELL57 


3D 4 node Thermal Shell 


3,6 


48 


o/ 


*HYPER58 


3D 8 node Hyperelastic Solid 


9,12,15 


60 


/c C/i qc H (Y7 

4o,b4,oo,l U/ 


PIPE59 


Immersed Pipe or Cable 


not supported 




PIPE60 


Plastic Curved Pipe (elbow) 


not supported 




SHELL61 


2 node Axisymmetric with Asymetric Loads 


1 


27 


61 


SOLID62 


Magnetic Solid 


not supported 




*SHELL63 


3D 4 node Elastic Shell 


3,6 


46 


nn h oh 

63 5 1o1 


SOLID64 


3D 8 node Anisotropic Solid 


9,12,15 


60 


45,64,86,107 


*SOLID65 


Reinforced Concrete 


9,12,15 


60 


45,64,86,107 


*FLUID66 


3D Thermal Fluid Pipe 


1 


29 


32,33 


*PLANE67 


4 node Thermal Electric Solid, Linear 


3,6 


48 


55,57 


*LlNK68 


Thermal Electric Line 


1 


29 


32,33 


*SOLlD69 


3D Thermal Electric Solid 


9,12,15 


61 


70 


SOLID70 


3D Thermal Solid 


9,12,15 


61 


70 


MASS71 


Thermal Point Mass 


0 


3 


21 ,71 


*SOLlD72 


3D 4 node Tetrahedron with Rotations 


9 


60 


72,86,107 


*SOLID73 


3D 8 node Structural Brick with Rotations 


9,12,15 


60 


45,64,86,107 


HYPER74 


2D 8 node Hyper-elastic Solid 


4,7 


41,43 


PO 1 OP. 
O/CjOH-, I uo 


PLANE75 


4 node Thermal Axisymmetric with Asymmetric 
Loads 


3,6 


49 


55,75 


PLANE77 


2D 8 node Thermal Solid 


4,7 


48 


77 




49 


77,78 


PLANE78 


8 node Thermal Axisymmetric with Asymmetric 


4,7 


49 


77,78 



CI IRF1RQ 


9H ^trnrtnral Surfarp Fffpnt 


not supported 




1RF1 


9tn irti iral Snrfapp Fffpct 


not supported 










Geometry 


Analysis 


Map to Element 




A nnHp Thprmpl-plprtrin Shpll 


3,6 


48 


55,57 


★LIVpCRi CO 

n 1 rizn 1 00 


10 nnHp Hvnprpla^tir Tptrahpdron 


10 


60 


158 


LllNrx 1 DvJ 


Fynlirit ^nar 

O \-J L_AU11L»IL OUCU 


not supported 






DCMIVl I D I 


Fynlirit Room 


not supported 




QUCI 1 icq 
ontZLL 1 00 


Fvnlirit Thin Qtn irti irpl ^hpll 

L-ApilL-lt 1 I III 1 Oil UOlUI CU Ol 1C#H 


not supported 




ovJLIu l OH 


on Pvnlioit Qtri irti iral ^hpll 


not supported 




LrvJIvlDllN 1 DO 


LZXpiKJlI opririy-L/alilpcr 


not supported 




MAoolbo 


ou txpucii oiruciurai iviabb 


not supported 




1 IMI/HC7 

LINrxl 0/ 


txpiicu opar (jension uniy; 


not supported 




1 Ariut lby 


larger segmet (suae line; 


supported, not as an element 


I Ariut I /U 


OR To Knot Qi irfo/^p 

ou 1 argei ouridi/o 


not supported 




C0NTA171 


2D Surface to Surface Contact 


supported, not as an element 


CONTA172 


2D 3 node Surface to Surface Contact 


supported, not as an element 


OVJIN 1 r\ 1 / O 


qp> Qurfanci tn ^iirfppp Cinntppt 


supported, not as an element 


PHMTA1 ~7A 


ft nnHp ^nrfarp tn ^iirfppp Hnntart 

OU O 1 lULiC. OUI 1 doc L\J OUI laLiC wvji I laoi 


supported, not as an element 


cuci 1 ion 
ontiLL 1 0 1 


OU *t InUUc? OUUulUictl OUCH UCUUUCU li i icy l CUC?; 


3,6 


46 


63,181 


PLANE182 


2D 4 node Structural Solid (reduced integrate) 


3,6 


40 


42,182 


41 


42,56,106,182 


43 


42,56,106,182 


SOLID185 


3D 8 node Structural Solid (reduced integrate) 


10,13,16 


60 


95,185 


BEAM188 


3D 2 node Finite Strain Beam 


not supportec 






BEAM 189 


3D 3 node Finite Strain Beam 


not supported 





* Element type not supported on output to ANSYS. Output to ANSYS uses the mapped 
element type. 



A.2 Element mapping from Fern Builder to ANSYS 

The following tables map the Fern Builder geometry and analysis types to the supported ANSYS elements 
that are written in the Fern Builder to ANSYS output file. 



Table 2: Types for point elements 





Geometry type 


Point 


Analysis type 




0/ : 


Node to ground translations spring 






Node to ground rotational spring 


fm 




Node to ground damper 


2 




Point mass 


;3 


21,71 



Table 3: Types for line elements 





Geometry type 


Linear Line 


Quadratic Line 


Mndlyoio tyH" 


^ _» ' 


%'fX 




noqg 10 noae iransiauonai spring 


>20 


14 




Node to node rotational spring 


:21 


14 




inOvjc lO ilUUc Udl HjJt!) 




14 




2D Truss 


-T23 


1 


1 


3D Truss 


24 


8 


8 


2D Beam 


.25 


3 


3 


3D Beam 


26 


4 


189 


Axisymmetnc shell 


27 


61 


61 


Asymmetric shell 


.28 


61 


61 


Heat transfer 


^9 


32,33 


32,33 


Axisym metric heat transfer 


"30 


32 


32 



Table 4: Types for planar elements 





letry type 


r Triangle 


ratic Triangle 


ble Triangle 


r Quad 


Iratic Quad 


ble Quad 




Geon 


CO 
<D 


X3 

CO 


Varia 


Co 
CD 
C 


CO 


Varia 




c 
□ 


O 




O 


Analysis type 






4 , - iv 


c - a «■ : 






8 


Plane stress 


;:40 


42,182 


82 


82 


42,182 


82 


82 


Plane strain 


41 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Generalized plane strain 


'42 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Axisymmetric 


43 


42,56,106,182 


82,84,108 


82,84,108 


42,56,106,182 


82,84,108 


82,84,108 


Asymmetric 




25 


83,84 


83,84 


25 


83,84 


83,84 


Membrane 


•45 


41 






41 






Shell 


?46 


63,181 


93,99 


93,99 


63,181 


93,99 


93,99 


Fluid 


47 


141 


141 


141 


141 


141 


141 


Heat transfer 


•148 


55,57 


77 


77 


55,57 


77 


77 


Axisymmetric heat transfer 


149 


55,75 


77,78 


77,78 


55,75 


77,78 


77,78 



CM 



Table 



5: Types for 3 



dimensional elements 





etry type 


Tetra 


atic Tetra 


>le Tetra 


' Wedge 


'atic Wedge 


)ie Wedge 


r Brick 


ratic Brick 


Die Brick 




£ 
o 


cC 
CD 


CO 


Variat 


CO 
CD 
C 


CO 


Variat 


co 

CD 
C 


"D 

CO 
3 


Varial 




o 
C 


c 
_i 


a 




O 


_J 


o 


Analysis type 








11 


12 










17 " 


Structural 


.60 


72,86,107 


92,158 


92,158 


45,64,86,107 


95,185 


95,185 




95,185 


95,185 


Heat transfer 




70 


90 


90 


70 


90 


90 


70 


90 


90 


Fluid 


.62 


142 


142 


142 








142 


142 


142 



Table 6: Types for interface elements 





Geometry Type 


2 Node Interface: Opposing sides 


4 Node Interface: Opposing sides 


6 Node Interface: Opposing sides 


6 Node Interface: Opposing faces 


8 Node Interface: Opposing faces 


1 6 Node Interface: Opposing 
faces 


18 Node Interface: Opposing 
faces 


1 Node + ref node Interface: 
Rigid 


2 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


3 Node + ref node Rigid interface 


4 Node + ref node Rigid interface 


8 Node + ref node Rigid interface 


9 Node + ref node Rigid interface 


Analysis Type 




30. 


31 


32 


33 y 


34, 


35 


36 


40 -> : 


41 ;? 


42 


43 


44 I 


45; 


46 


1 DOF structural interface 


; 80 


40 




























2 DOF structural interface 


481 


12 














26 














3 DOF structural interface 




52 




























Structural interface 


m 


52 




























Axisymmetric structural interface 


84 






























Heat transfer interface 


;85 


40 




























Axisymmetric heat transfer interface 


86 































Table 7: Types for infinite elements 





Geometry type 


2D Infinite, 2-9 
Node 


3D Infinite, 4-27 
Node 


N Node User 
defined 


Analysis type 




50 ,r 


51. 


60 


Plane stress 


100 


110 






Plane strain 


101 


110 






Axisymmetric 


102 


110 







OS" 



Solid 


AQ3 




111 




Type for user defined elements 










User defined 











Return to Table of Contents 
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Aschar Read Output File Interface 

This interface reads Aschar *output (plot) files and extracts grid coordinates, material ids, centroidal 
temperatures of elements, coordinates of points on the ablation boundary, and temperatures at those points. 
This data is used to generate grids and temperature results. 



The user has two grid options: 

1. Save original grid and view the ablation profile as a function of time. Calculated nodal temperature and 
an ablation surface are saved for each time interval. Displacement results are created at each time step 
and displacements are defined to move nodes on the ablating surface of the original mesh to the current 
ablation surface location. 

2. Use the ablation surface at a given time to edit and view the ablated structural grid. Nodal temperature 
results are calculated and saved at the time specified by the user. 



The user also has the option of saving the centroidal temperatures of the elements. 

Nodal temperature results along the ablation surface are interpolated from the given ablation surface 
centroidal results. The rest of the nodal temperature results are interpolated from the element centroidal 
temperature results given in the output file. The interpolation is done using a weighted inverse distance 
method. In other words, the smaller the distance between the centroid and the node the greater the influence 
it has in the interpolation of the nodal temperature. 



*The Aschar output file is a binary file. 
Return to Table of Contents 



GridGen Read File Interface 

This interface reads GridGen .grd and Plot 3D .p3d files and generates corresponding nodes and elements. 
Return to Table of Contents 
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Ideas Master Series Read Universal File Interface 

This interface reads Ideas Master Series (Ideas MS) universal flies and extracts FEM data from supported 
data set sections. Supported data sets are as follows: 



Name 


Data Set 


Header 


151 


Units 


164 


Material* 


1710 


Laminate Definitions 


2415 


Coordinate systems 


2420 


Nodes 


2411 


Elements 


2412 


Associated Element Data 


748 


Constraint Sets 


754 


Permanent Groups 


2429 


Restraint Sets 


791 


Load Sets 


790 


Amplitude 


794, 796 


Analysis Data 


2414 



Universal file data is converted from SI units into current model units as the file is read. After reading the 
universal file, FEM Builder converts axisymmetric models from the Ideas MS R-8-Z convention to the 
FEM Builder 1-2-3 coordinate system convention. 

* Only the material property name is extracted. Material properties are ignored. 
Top 

Ideas Master Series Write Universal File Interface 

This interface writes Ideas Master Series universal files. Supported data sets are as follows: 



Name 


Data Set 


Header 


151 


Units 


164 


Material 


1710 


Laminate Definitions 


2415 


Coordinate systems 


2420 


Nodes 


2411 


Elements 


2412 


Associated Element Data 


748 


Constraint Sets 


754 


Permanent Groups 


2429 


Restraint Sets 


791 


Load Sets 


790 


Analysis Data 


2414 



FEM Builder converts axisymmetric models from it's 1-2-3 coordinate system to the Ideas MS R-9-Z 
convention. 

* Top 

Return to Table of Contents 



PATRAN Read Neutral File Interface 

The neutral file is the way of transmitting PATRAN 1 s database in and out of its system to other analysis 
programs. It is organized into "packets". Each packet contains the data for a fundamental unit of the model, 
such as the definition of a specific finite element. The following table shows the packets that are supported 
in Fern Builder's Read PATRAN interface. 



Packet Number 


Packet Description 


25 


File title 


1 


Node data 


2 


Element data 


3 


Material properties 


5 


Coordinate system 


6 


Distributed loads - pressures 


7 


Node forces 


8 


Node displacements 


14 


MPC data - constraints 


21 


Named components - groups 


31 


Grid data - points 


32 


Line data - curves 



Nodes 

The interface reads node label, coordinates, and displacement coordinate system. 
Elements 

The following table lists each supported PATRAN element geometry type and the corresponding Fern 
Builder element geometry type that supports it. 



PATRAN 


Number of 


FEM Builder 


Geometry Type 


nodes 


Geometry Type 


Bar 


2 


Linear Line 




3 


Quadratic Line 


Triangle 


3 


Linear Triangle 




6 


Quadratic Triangle 




9 


Not supported 


Quad 


4 


Linear Quad 


8 


Quadratic Quad 




12 


Not supported 


Tetra 


4 


Linear Tetra 




10 


Quadratic Tetra 


Wedge 


6 


Linear Wedge 




15 


Quadratic Wedge 




24 


Not supported 


Hex 


8 


Linear Brick 




20 


Quadratic Brick 




32 


Not supported 



The PATRAN neutral file has a configuration number in its element data. It is assumed that it relates to the 
element's analysis type. PATRAN elements without a configuration number use the FEM Builder analysis 
type that is specified in the user interface. Non-zero configuration numbers are assumed to be the analysis 
characteristic code as used by FEM Builder. This implies that all elements supported in Fern Builder are 
supported in the interface. 



Material Properties 

The following table lists the PATRAN supported material properties and their supported counterparts in 
Fern Builder. 



PATRAN 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion 
6 coefficients 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 


Thermal Conductivity 
6 conductivities 


Conductivity - Isotropic 
Conductivity - Orthotropic 
Conductivity - Anisotropic 


Density 


Density 


Specific Heat 


Specific Heat -CP 


Emissivity 


Emissivity 



Coordinate Systems 

The interface reads a coordinate system's origin, points on Z and X axis, rotation matrix, and type (e.g. 
rectangular, cylindrical, spherical). 

Loads and Boundary Conditions 

For structural results, the following table lists PATRAN supported loads and their supported counterparts 
Fern Builder. 



Type 


PATRAN 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 




Forces 


Nodal Forces (1-3) 




Pressure 


Pressure 




Temperature 


Temperature 



Constraints 

The interface reads constraints (MPC data) from PATRAN into Fern Builder. 
Groups 

The interface reads group id, name, member's type, and member's label. 
Points 

The interface reads point label, and coordinates. 

Curves 

The interface reads curve label, and curve coefficients. 
Top 

PATRAN Write Neutral File Interface 

This interface writes a PATRAN neutral file and files containing results from a finite element model in 
FEM Builder. The neutral file is the only way to pass data into PATRAN' s database. It is organized into 
"packets" containing the data for a fundamental unit of the model. The following table shows the packets 
that are supported in this interface. 



Packet Number 


Packet Description 


25 


File title 


1 


Node data 


2 


Element data 


3 


Material properties 


5 


Coordinate system 


6 


Distributed loads - pressures 


7 


Node forces 


8 


Node displacements 


14 


MPC data - constraints 


21 


Named components - groups 



Nodes 

The interface writes node label, coordinates, and label of displacement system. 
Elements 

The following table lists each supported PATRAN element geometry type and the corresponding Fern 
Builder element geometry type that supports it. The element configuration number that is output is the 
FEM Builder element analysis type. 



PATRAN 


Number of 


FEM Builder 


Geometry Type 


nodes 


Geometry Type 


Bar 


2 


Linear Line 




3 


Quadratic Line 


Triangle 


3 


Linear Triangle 


6 


Quadratic Triangle 




9 


Not supported 


Quad 


4 


Linear Quad 


8 


Quadratic Quad 




12 


Not supported 


Tetra 


4 


Linear Tetra 




10 


Quadratic Tetra 


Wedge 


6 


Linear Wedge 


15 


Quadratic Wedge 




24 


Not supported 


Hex 


8 


Linear Brick 




20 


Quadratic Brick 




32 


Not supported 



Material Properties 

The following table lists the PATRAN supported material properties and their supported counterparts in 
Fern Builder. 



PATRAN 


Fern Builder 


Elastic Modulus 
Poisson's Ratio 
Shear Modulus 


Elastic Modulus - Isotropic 
Elastic Modulus - Orthotropic 
Elastic Modulus - Anisotropic 


Thermal Expansion 
6 coefficients 


Expansion - Isotropic 
Expansion - Orthotropic 
Expansion - Anisotropic 



Thermal Conductivity 
6 conductivities 


Conductivity - Isotropic 
Conductivity - Orthotopic 
Conductivity - Anisotropic 


Mass Density 


Density 


Specific Heat 


Specific Heat -CP 


Emissivity 


Emissivity 



Coordinate Systems 

The interface writes a coordinate system's origin, points on Z and X-axis, rotation matrix, and type (e.g. 
rectangular, cylindrical, spherical). 

Loads and Boundary Conditions 

For structural results, the following table lists PATRAN supported loads and their supported counterparts in 
Fern Builder. 



Type 


ANSYS 


Fern Builder 


Structural 


Translations 


Restraints (1-3) 1 




Forces 


Nodal Forces (1-3) 




Pressure 


Pressure 




Temperature 


Temperature 



Constraints 

The interface writes constraints (MPC data) from Fern Builder into the neutral file format. 

Groups 

The interface writes group id, name, member's type, and member's label. 

PATRAN Results Files 

The interface writes a file containing a set of results uniquely identified by the result type and set id. A 
unique file name is generated based on the FEM Builder result id and type. For example, a set of nodal 
results that have the same result id (i.e. file=2, step=l, and incremental) would be written to a file named 
model JlsliLnres. A result file containing element results would have an extension of .eres. If only one 
file has been read into the model, then file is not included in the generated file name. The following table 
lists the FEM Builder nodal and element results that are written to file. 



Nodal Result 


Displacement 




Temperature 


Element Nodal Result 
Centroidal Result 


Stress 


Strain 


Von-Mises stress 


Hydrostatic stress 


Max. shear stress 



Top 
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Sinda Read Output File Interface 

This interface reads Sinda output files and extracts temperature, percent resin reacted, and resin viscosity 
results if they are defined. The model the results are being added to must have existing elements. 

Sinda Write Input File Interface 

This interface writes a Sinda input file. This interface also creates a thermal network model in the FEM 
Builder document with a model name built from original model name with a suffix of "_Nef\ The "_Net" 
model consists of nodes and line elements representing the thermal capacitors and conductors of the 
thermal network. The Sinda input file is written from this thermal network model. The following SINDA 
input blocks are written in the SINDA input file: 

• TITLE 

• NODE 

• SOURCE (Only if heat sources are present) 

• CONDUCTOR 

• CONSTANT 

• ARRAY 

• EXECUTION 

• VARIABLES 1 

• VARIABLES 2 

• OUTPUT CALLS 

Capacitors Data 

The volume of planar elements is computed from the element area and a user-specified thickness. The 
volume of axisymmetric elements is computed as the element area revolved around the Z-axis. 

Conductors Data 

There are three conductor options: actual, area correction, and length correction. 




< — U — >j< — k—> 

< L > 



Figure 1: Conductor Geometry. Points a and b are the element centroids, V is a vector 
from a to b, n is the common element face normal, and 6 is the angle between V and n. 
L is the distance between a and b. 

The actual option uses the actual area, A, and length, L, in the calculation of the conductance. The area 
correction option uses the actual length and attempts to correct the area between two elements by using the 
area indicated by the dotted line in Figure 1. The length correction option uses the actual area and corrects 
the length by using the sum of the perpendicular distance to the common element face, as shown by the 
dashed lines in Figure 1. The following table lists how the conductors will be modified for a standard 
diffusion conductor. 



Option 


Conductance 


Actual 






k 




L 


Area Correction 


Acos# 




k 

L 


Length Correction 






k A 




Lcos6 



Control Constants 

Appropriate control constants will be output depending upon the execution solution procedure selected by 
the users. If a transient execution procedure is selected, the following control constants are output: 

• TIMEND 

• OUTPUT 

• DTIMEH 

• DTIMEI 

• DTIMEL 

• ARLXCA 

• DRLXCA 

• ATMPCA 

• DTMPCA 

• CSGFAC 

• SIGMA 

• NLOOP 



If a steady-state execution procedure is selected, the following control constants are output: 

• BALENG 

• ARLXCA 

• DRLXCA 

• SIGMA 

• NLOOP 



Array Data 

All material property data is written as arrays. If a necessary material property is not defined, a skeleton 
array will be added with a commented line indicating that the properties still need to be defined. Time 
dependent boundary conditions are also written as array data. 

Execution Block 

Transient or steady-state execution methods can be selected. Available transient methods are 

• FWDBKL 

• SNADE 

• SNFRDL 

• SNDURF 



Available steady-state Methods include 

• SNDSNR 

• SCROUT 

• STDSTL 

• SNHOSS 

• SNSOSS 
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TexChem 

TexChem is a chemical equilibrium program developed in part under the Air Force Service Life Prediction 
Technology (SLPT) program. TexChem solves for chemical equilibrium for a specified set of chemical 
species. FEM Builder supports model definition, boundary condition creation, and specification of 
chemical species, reactions and associated material properties. Interfaces for reading and writing TexChem 
files are described in the following sections. 

Read TexChem File Interface 

This interface reads TexChem spatial result files for analysis results and TexChem command, model, and 
material files for model definition. Specie concentrations from the results file are saved as analysis results 
that may be used in postprocessing. 

Write TexChem File Interface 

This interface writes TexChem command, model, and material files. Prior to writing TexChem files the 
user should have defined material properties, created a model, and applied boundary conditions. TexChem 
solves the chemical equilibrium equations for a specified set of chemical species. If temperature is a 
problem variable, it should be defined as a specie with appropriate boundary conditions. Required material 
properties, boundary conditions, and user input are described in the following sections. 

Material Properties 

TexChem uses the following material properties. 

1. Chemical species (required) 

• Specie name 

2. Chemical specie reaction data (optional) 

• Reaction name. 

• Reaction formula that identifies reactant and product species and stoichiometric coefficients. For 
example: 2(H2) + 02 -> 2(H20). If the stoichiometric coefficient is 1, neither the coefficient nor 
the parentheses around the specie name are required. 

3 . Material dependent properties (required) 

• Density 

• Specific Heat Cp 

• Isotropic conductivity 

• Chemical Specie Diffusivity: D Ref , D 0 , D b E A as used in the following equation. 



• Chemical Reaction Rates are required if reactions are defined: R Ref , Ro,RL,E A ,Expi,Exp 2 ,. • >Exp n as 
used in the following equation. 



Boundary Conditions 

Boundary conditions should be defined for each chemical specie (or temperature) in the solution as desired. 
Three types of boundary conditions may be defined: Fixed (Dirichlet), Flux (flux into the body is positive), 
and Convective (mixed). 




Chemical Specie Solubility: S Ref , E A as used in the following equation. 






User Input 

The Write, TexChem file interface prompts the user for the following information. 

• Command file name 

• Solution method 

• Solution parameters 

• Absolute tolerance ATol 

• Relative tolerance RTol 

• Maximum number of steps 

• Spatial output times 

• History output node list 

• Initial/Constant temperature 

• Initial conditions 

The write TexChem input interface generates element face groups for each unique boundary condition 
value and type and then writes the finite element grid, boundary conditions, material properties, and user 
input as described above to the specified command, model, and material files. The names of the model and 
material files are generated by removing the ".and" extension from the command file and appending 
".model", and ".material" respectively. 
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Material Properties 

Material properties are an integral part of FEM. The material properties that must be defined depends on 
the analysis program being used. The currently supported material properties are listed in Appendix - 
Material Properties . Fern Builder supports the ability to create, edit, list, and delete material properties, as 
well as the ability to read and write material property files, and specify element material orientations. If a 
material property file includes some properties that are not in the FEM database, those files are treated as a 
special category called user defined properties. 

A material can be created with or without associating a material id, and defining its properties. If the user 
does not define material id(s) and/or properties, they may do so when editing the material. It is important to 
note that a material may be associated with multiple material ids. However, a material id can be associated 
to one and only one material. 

Create 

The menu bar Create, Material Property option is used to create new materials and their properties. The 
name of the material to create and the element material Ids to associate with the material are specified. For 
convenience, properties are grouped into classes. Property classes include structural, thermal, chemical, 
and user defined. User defined properties may be edited but not created. 

Upon selecting a property type, the user can enter the property values. The user must select the Apply 
button in order to save the new values of a property before changing property types. When a property has 
been created for the specified material a checked box will appear next to it in the list of supported 
properties. 

If the user is in create mode and selects an existing property, any changes are treated as if in edit mode. 

Temperature dependent properties are supported. In order to add additional temperature dependent values 
to the property, the user places the mouse over the grid containing the properties and presses the right most 
mouse button. This brings up a popup menu that provides insert, append, and delete functionality for 
additional temperature dependent property input. 

Edit 

The menu bar Edit, Material Property option is used to edit existing materials and their properties. An 
existing material may be selected from the pop-down menu in the Edit Material dialog box, and the list of 
material ids associated with the specified material may be modified. 

The user may create properties or may edit any existing property, including user defined property types. 
Existing properties contain a checked box next to it in the property list. After a property is added or 
redefined the user must press the Apply button in order to save the changes before selecting a different 
property type. 

Temperature dependent property values can be added in the same way that they are in the Create, Material 
Property dialog. 

List 

This interface is used to list the current material properties in the database to the list window. The user is 
prompted to specify which materials and their associated properties are to be displayed. The specified 
material(s) and associated property definitions are displayed in the list window. 

Delete 

This interface is used to delete materials and their existing properties. The user is able to delete any 
material and associated properties that is created or read into FEM Builder, including user-defined 
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The Reset button will reset the number of levels and range back to the optimized estimate given by the 
program. 

The Advanced button opens the Modified Area dialog. This option computes the first and last contour 
value such that the area between the range minimum and the first contour and the area between the range 
maximum and the last contour are approximately those specified by the user. This improves the visibility of 
contours where stresses approach infinity (i.e. cracks). 

The Location option allows the user to locate the legend display on either side of the view. 

Deformation 

The Deformation tab contains a check box that allows the user to specify whether they want to view 
deformation. If so, the user can select a scaling factor. The user may specify an actual scale factor or a 
percent factor based on the view. 

The actual scale factor scales the deformation by directly multiplying the factor and deformation. 
The percent factor scales the deformation according to the given percent of the view. 

Display 

The Display tab allows the user to modify the display of the deformed geometry. These modifications 
include line style, display type, and color. 

The multiple color option will use the default color of the model. 

The single color option will allow the user to select a color from the color dialog. 

When in the single color option, the color dialog is activated by pressing the color button. 

Top 

Vector Plots 
Result 

The Result tab allows the user to select a set of results for display. The user will specify a result type, a set 
of results and the component of the result to be displayed. When contouring a CAXA model the user can 
specify the CAXA angle. The title edit box gives the user the opportunity to customize the title that will 
appear above the contour plot. 



The Deform tab contains a check box that allows the user to specify whether they want to view 
deformation. If so, the user can select a scaling factor. The user may specify an actual scale factor or a 
percent factor based on the view. 

The actual multiplication factor scales the deformation by directly multiplying the factor and 
deformation. The percent of view factor scales the deformation according to the given percent of the 
view. 

Vector 

The Vector tab allows the user to modify the vector lengths on the vector plot. The proportional check box 
allows the user to specify whether vector scaling is proportional to corresponding result values or is based 
on the current view. 

The scaling option is the percentage of the vector length relative to the corresponding results or the total 
view depending on whether or not proportion is checked. 



Deform 




Display 

The Display tab allows the user to modify the display of the deformed geometry. These modifications 
include line style, display type, and color. 

The multiple color option will use the default color of the model. 

The single color option will allow the user to select a color from the color dialog. 

When in the single color option, the color dialog is activated by pressing the color button. 



XY plots are an important way of looking at result data. FEM Builder currently supports Time History 
plots and Analysis Result plots. Modify Current Plot options give access to parameters controlling how 
result data is displayed. 

Time History Plots 

This interface is used to generate time history plots. They are generated using all the analysis result sets of 
a specified result type and component at the selected nodes or element centroids in the current model The 
option to average allows the user to average element results at nodes. The y-axis is defined by the models 
result data. The x-axis is defined by time. If no times are present, the result set ids are used for the x-axis 
values. The user may plot the results of the specified entities or the maximum, minimum, sum, or average 
of the set of selected entities. 

Analysis Results Plots 

This interface is used to generate analysis result plots. They are generated using the specified result type, 
set, and component at the selected nodes or element centroids in the current model. The option to average 
allows the user to average element results at nodes. The y-axis is defined by the selected result set and 
component. The x-axis is defined using one of the following three methods: ordered set of points, 
coordinate axis, and curve(s). 

The ordered set of points method projects the selected entities onto the invisible line segment(s) and uses 
the relative distance between the projected entities to define the x-axis. The coordinate axis method uses the 
coordinates of the selected entities relative to the user specified coordinate system (default is the global 
system) or the work plane coordinates. The user specified axis of the selected system is used to define the 
x-axis. The curve(s) method projects the selected entities onto the user specified curve(s) and uses the curve 
parameters of the projected points to define the x-axis. 

Top 
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Tools 



Coincident Node Check 

This function allows a finite element model to be checked for coincident nodes. The coincident node 
tolerance is the radial distance from the node. If another node falls within this distance, the nodes are 
considered to be coincident. When merging coincident nodes, occurrences of the node with the higher 
label are renamed to the lower label and then the higher label is deleted. 

In the Check Coincident Nodes dialog, the user enters the coincident node tolerance and clicks the Check 
button. The number of Coincident Nodes will be displayed in the dialog box. To view details about the 
coincident nodes, the user can click on the List button. The coincident nodes will be displayed in the List 
Information window in the following format. 

Coincident node check 
Keep, Delete 

2 6 

3 7 
5 9 

Any coincident nodes are merged when the Merge button is pressed. 

Element Distortion Check 

This function checks the relative distortion of elements using a user selection from among several methods. 
The methods are Gauss Point Distortion, Aspect Ratio, Area Ratio, Quad Angle, Triangle Angle, and 
Element Warping. Each element is checked by breaking it up into its component faces and checking each 
face for errors. 

Gauss Point Distortion: This function checks FEM element gauss integration points. The checks are 
similar to checks made by ABAQUS but not identical since the integration 
points are not the same. 



An error message is issued saying that the element gauss point area or volume is 
very small or negative if the determinant of the Jacobian at one or more gauss 
integration points is very small or negative. 



For quadrilateral and brick elements, an angle check between isoparametric lines 
is made at each integration point. A warning message is issued if an angle less 
than 45° or greater than 135° is found. 



Aspect ratio: 



This is not the traditional aspect ratio. Simply stated, it is the longest side of a 
face divided by the shortest side. 



Area ratio: 



The area of a face is calculated and then divided by the ideal area. (A square is 
the ideal for quadrilateral. A 45° right triangle is the ideal shape for a triangle.) 



Quad Angle: 



Angles are generated for each corner of all quadrilaterals and compared to the 
ideal. (90 degrees). 



Triangle Angle: 



Angles are generated for each corner of all triangles and compared with the 
ideal. (90, 45, 45 degrees) 



Note: The order of the angles does matter; for instance a (45, 45, 90) will 
produce an error. 




Element Warping: A normal vector is calculated at each corner of the element. For quadrilaterals, 

two angles are calculated for the angles between each set of opposing corners' 
normal vectors. For triangles, three angles are calculated for the angle between 
the normal vectors of each set of adjacent corners. 



After choosing Element Distortion Check in the Tools menu, a dialog will come up with a list of functions 
to check the distortion of the model with a corresponding default error tolerance for each function. The 
Gauss Point Distortion will be flagged as a default. 

The Default Error Tolerances Are: 



Aspect Ratio > 5.0 

Area Ratio < 0.6 

Quad Angle outside 90° (+/-) 20.0° 

Triangle Angle outside 45° (+/-) 10.0° 

Element Warping > 15.0° 



After choosing the methods and their corresponding error tolerances, test the model by pressing OK to 
perform the tests. 

An error message will be written to the List Box for any elements that fail at least one of the selected 
distortion tests. Messages include any selected tests in the following format: 

Label Gauss Method 1 Gauss Method 2 Any other methods that were chosen 

Label Gauss pt Angle Gauss pt Area/Volume AspectR AreaR QAngle TAngle Warp 
5 Angle < 45 or > 135 Ok 1.202 0.543 153.435 45.000 0.000 

8 Ok Ok 3.162 0.682 90.000 71.565 0.000 

The user can use the listed values to compare with the error tolerances to determine under which criterion 
the test failed. 



Options 

The following options allow the user to set preferences on mouse picking, work plane use, element 
defaults, subdivision, and unit systems. Changing these options will only effect future related operations in 
Fern Builder. 

Mouse 

Picking entities, or locating positions on the view with the mouse are two ways of defining coordinate data. 
A pick hierarchy is followed to search for possible entity matches. The hierarchy looks for— points, nodes, 
curve end points, curve intersections, and finally screen location. Points which fall within the pick zone 
are considered first. Nodes, curve end points, and curve intersections are then considered. If no matches are 
found, a point on the work plane will be located. The user can select any combination of these entity types 
in order to control what the pick zone will identify and snap to when picking or locating on the view. 

The pick aperture (pick zone) can be made larger or smaller. Its size is determined by setting a percent of 
the current view. The visible aperture will not change although the pick aperture's size changes. 

The select adjacent curves automatically option is useful when the user has to pick many adjoining 
curves. It can be toggled on or off for all future curve picking operations. 
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Work Plane 

The work plane is used to simplify geometry modeling. For example, when locating points with the mouse, 
screen pick points are projected onto the work plane. If the work plane is perpendicular to the view plane, 
a mouse click will not return coordinates since the projection point is undefined. 

By default, the work plane is initially located on the xy plane of the global rectangular coordinate system. 
However the work plane can be either rectangular or cylindrical and moved to any position. A rectangular 
work plane allows input of jc, y, z coordinates; a cylindrical work plane allows the input of r,# z 
coordinates. The grid snap option controls the coordinates received from mouse clicks. The user can 
specify the grid size increment and whether screen picks snap to work plane grid points. 

The use work plane coordinates option allows the user to specify if coordinates entered are in global or 
work plane coordinates. 

Element Defaults 

The element defaults will be used to fill the dialog box for element creation or editing. 

The Element Order option selected from a pop-down menu sets up whether the ordering of nodes in the 
element is linear or quadratic. 

The Analysis Type sets up a default analysis to correspond with the applicable geometry type. Geometry 
types are divided into 4 'families': linear, planar, shell and solid. Each family has a pop-down list of 
analysis types. Once selected, any geometry type of that family will have the selected default analysis type. 

The Material ID and Property ID boxes allow the user to input an integer value for these defaults. 
Subdivision 

The user can set up the defaults for several methods of selecting default curve subdivision. 

The Global element size option uses a percentage of the model size. The program default is 10%. 
The Deviation from curve option has not been implemented. 

The Maximum aspect ratio option places an upper limit on aspect ratio. The program default is 5. 

The Minimum elements per curve option will subdivide the curve into at least this many divisions. The 

program default is 2. 

The Minimum quad/brick angle option has not been implemented. 

The Mapped variation option uses a percentage of the length of a side of a mapped mesh to determine 
how the subdivisions should take place. The program default is 10%. 



Units 

The Units dialog gives the user a pop-down menu of choices for Unit System. If the user selects one of the 
pre-defined unit systems, the corresponding units for length, force, mass, time and temperature are loaded 
into the Units table in un-editable form. In the case of a User Defined unit system, all of the values in the 
Units table are available for editing. 
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Display Settings 

The display settings include entity Visibility, Geometry display settings, Fern display settings, and 
General settings. The Visibility page allows the user to set the visibility of geometry, fern entities, and 
boundary conditions for the specified model. The visibility of the entire model can be changed as well. 
The Geometry and Fern pages allows the user to toggle their entity labels on or off, change their default 
color, and modify the symbol or line style that is used to represent the entity in the model. The General 
page allows the user to turn on or off the visibility of the header which includes the Fern Builder version 
and the date and time. 

On the Fern page, elements have some unique display settings. They are element display, shrink, and 
orientation. The element display types are described as follows. The Line Draw display type draws all 
element edges. The Free Face display type draws all edges of 2D elements and faces of 3D elements not 
shared by two elements. The Free Edge display type draws edges of 2D and 3D elements not shared by 
two elements. The Material Edge display type draws edges of 2D and 3D elements not shared by two 
elements with the same material ID. The Hidden Line display type draws a display with hidden lines 
removed. All of the color fill display types generate displays with hidden lines removed, visible faces are 
filled with color, and the specified element edges are displayed. The user can turn on or off the visibility of 
the element orientation via its checkbox. 

Dynamic View 

The view origin, size, and orientation can be modified dynamically using the mouse. The cursor mode 
indicates the function to be performed in response to cursor movement and mouse button use. 

The Pan cursor mode allows the user to move the model with respect to the screen with the mouse. The pan 
operation begins when the left mouse button is depressed and terminates when the left mouse is released. 

The Magnify cursor mode allows the user to redefine the view scale with the mouse. Scaling begins when 
the left mouse button is depressed. Scaling occurs as the cursor is dragged up or down on the screen. The 
model increases in scale as the mouse is dragged /pulled down the screen, and decreases as the mouse is 
dragged/pushed up the screen. Scaling terminates when the left mouse is released. 

The Rotate cursor mode allows the user to rotate the model with respect to the view center with the mouse. 
The rotation operation begins when the left mouse button is depressed and terminates when the left mouse 
is released. 

The 3D Rotate cursor mode allows the user to perform a 3D rotation of the model with respect to the view 
center with the mouse. The rotation operation begins when the left mouse button is depressed and 
terminates when the left mouse is released. The rotation operation is most easily described as follows. 

The Zoom cursor mode allows the user to define the view bounds by drawing the view rectangle with the 
mouse. The first corner of the view rectangle is defined when the left mouse button is depressed. The 
rectangle is drawn as the cursor is dragged, i.e. the cursor is moved with the left mouse button depressed, 
across the screen. The view rectangle is complete and the view is redrawn when the left mouse button is 
released. If the left mouse button is clicked, i.e. depressed and released without moving the cursor, the 
mouse point will become the view center with no change to the view scale. 

Consider the view to contain a ball centered in the view with the same diameter as the minimum view 
dimension. Pressing the left mouse button when the cursor is over the ball is like touching the ball. 
Dragging the cursor rotates the ball with respect to the view center. Releasing the left mouse button 
releases the touch on the ball. If the left mouse button is pressed outside the radius of the ball, a 2D 
rotation is performed. 




The Reset function scales the model to fit in the view with the default orientation. 



The Autoscale function scales the model to fit in the view with the current orientation. 

Orientation 

The view orientation can be altered via keyboard input using the Eye Direction, Screen Rotate, and 
Model Rotate options. The Eye direction option requests the X,Y,Z vector that corresponds to the 
direction normal to the screen. The Screen Rotate option requests the rotation angles about the screen 
Z,Y',X" axes. In a similar fashion, the Model Rotate option requests the rotation angles about the model 
Z,Y',X" axes. 

Dialog position 

The position of interactive dialogs can be specified as Left, Right, or Center with respect to the main 
program window. This setting is persistent between interactive sessions as is the location and size of the 
main window and list box. 

Status flags 

The Dynamic flag indicates whether the view should be redrawn repeatedly during pan, magnify, and 
rotate operations or just once at the end of the operation. 

The List Box flag indicates whether the list box should be visible or not. FEM Builder outputs information 
to the list box to indicate the status of operations. 

The Toolbar and Status Bar flags control the visibility of the same. 
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Overview 



FEM Builder is an interactive program written by Thiokol Propulsion to provide Finite Element Modeling 
(FEM) tools for building and analyzing finite element models, and to provide interfaces between FEM 
systems and analysis programs. 

Fern Builder has a user interface similar to most PC programs with a menu bar, a toolbar, and a status bar. 
The program allows users to have one or more documents open at the same time. A document can contain 
one or more finite element models. Each document can have multiple views. 

File 

File functions allow the user to open, close, and save FEM Builder files. Read and write functions are 
provided to read files from and write files to various analysis programs. Others are provided to read and 
write material property files. The file translation option translates data from one file type to another without 
saving that information in a FEM Builder document, which can save time if no other FEM Builder 
functions are to be performed. 

Create 

Creation functions allow the user create FEM entities , geometry , groups, material properties , meshing , 
boundary conditions , Chemical Species and Reactions . 

Edit 

Edit functions allow the user to edit FEM entities , geometry , material properties , and element orientations . 

Delete 

Delete functions delete selected FEM entities , geometry , material properties . Chemical Species and 
Reactions from the current model. 

List 

List functions write selected FEM entities , geometry , element orientations , constraint equations , groups , 
boundary conditions , analysis results, or material properties , information to the list window. 

Post-Processing 

Post-processing functions include result superposition , and result interpolation , deformed geometry , 
contour plots , vector plots , and XY plots . 

Model Information 

Most FEM Builder functions operate on one finite element model, the current model. The Model 
Information dialog allows the user to set the current model, the model name, and the model title. The 
dialog also lists other model-related information. 

Tools 

Tools include coincident node check, element distortion check, and customizable default options. The 
default options are entity picking , work plane use , element defaults , subdivision , and units . 

View 

The display settings are used to set the visibility and defaults of geometry entities, fern entities, and the 
view header. The view orientation can be specified directly via keyboard input. The view origin, size and 
orientation can also be modified dynamically using dynamic view . Status flags indicate the visibility of the 
toolbar, status bar, and list box. 



Window 



These window functions are the same functions found in many other PC programs. The New Window 
function creates a new view of the model that can be scaled, rotated, and relocated independently of any 
other view. The Cascade, Tile, and Arrange Icon options all rearrange existing views. 



The help option provides access to program version information. 

Program Defaults 

The coordinate system used by FEM Builder is the same used by most analysis programs. Interpretation of 
coordinates depends on the element being referenced. For example, for plane elements coordinates 1,2 are 
X, Y, for axisymmetric elements coordinates 1,2 are R, Z, and for solid elements coordinates 1,2,3 are X, 



Help 



Y,Z. 



Default model units are Inches, pound mass, pound force, second, and degrees Fahrenheit. 
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Keyword: ChemicalReactions 

The *ChemicalReactioris card defines chemical reactions. If chemical reactions are defined, this section 
should follow the chemical specie input and precede the material property input. The heat of reaction is 
assumed to be zero if not defined. 

Example: 

*ChemicalReactions 

**Name,Heat or reaction, Units / Formula 
Salt 

Na + CI -> NaCl 
Water 

2{H2) + 02 -> 2(H20) 

Keyword: Material 

The ^Material card defines a material. All succeeding properties will be associated with this material until 
the next *Material card. The material name is a required parameter. 

Example: 

^Material, Aluminum 
* Material, Steel 



Keword: Property 

The *Property card is used to define a property of a material. The property name is a required parameter. 
A ^Material card must precede the ^Property card. Properties are tables of numeric or character values. 
All property fields are comma delimited. The first card after the ^Property card is a record containing 
property value names. The next card may contain property values or property value units . If any field in 
the record is numeric, the record is assumed to contain property values. All succeeding records until the 
next keyword card contain property values. 

Example: 

* Property, Elastic Isotropic 

E, Nu, Temp 
PSI, IN/IN, F 
10300000., 0.3300000, 70.000000 
9900000.0, 0.3300000, 200.00000 

* Property, Density 

Rho, Temp 
LBM/IN-IN-IN, F 
0.101000000, 70.000000 

Keword: Attribute 

The * Attribute card is used to associate parameters and values with properties or materials. The * Attribute 
card is followed by one or more records containing parameters names, values and units . 

Example: 

*Attribute 

TRef= 70.000000, F 

Keword: Note 

The *Note card is used to associate text with properties or materials. The note ends at the next keyword 
card. 



properties. If all the properties are deleted for this material name the user will be asked if the material 
should be deleted as well. 



Read 

This interface is used to read material properties from a material property (.pdb extension) file or from a 
Fern Builder (.fdb extension) file. It reads any property that is formatted correctly (see Appendix - Material 
Properties ), including property notes and attributes. This is how user-defined properties are brought into 
FEM Builder. Upon reading the file, the user is prompted to select the material properties they would like 
to add to their current Fern Builder model. 

Write 

This interface is used to write material properties to a file. The property file's default name is the current 
model name with a .pdb extension. It writes all properties that are in the current model's database. 
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Appendix - Material Properties 
Material Property Classes 

jBlass Name ^T^^J&?'t ^ "< 

Structural 

Thermal 

User-Defined 



Currently Supported Material Properties 







Elastic Isotropic 


E, Nu, Temp 


Elastic Orthotropic 


El, E2, E3, Nul2, Nul3, Nu23, G12, G13, G23, Temp 


Elastic Anisotropic 


El 1 1 1, El 122, E2222, El 133, E2233, E3333, El 1 12, E2212, E33 12, 
E1212, El 113, E2213, E3313, E1213, E1313, El 123, E2223, E3323, 
E1223, E1323, E2323, Temp 


Expansion Isotropic 


A, Temp 


Expansion Orthotropic 


Al, A2, A3, Temp 


Expansion Anisotropic 


Al 1, A12, A22, A13, A23, A33, Temp 


Conductivity Isotropic 


K, Temp 


Conductivity Orthotropic 


Kl, K2, K3, Temp 


Conductivity Anisotropic 


Kll, K12, K22, K13, K23, K33, Temp 


Density 


Rho, Temp 


Specific Heat Cp 


Cp, Temp 


Specific Heat Cv 


Cv, Temp 


Specific Heat Ratio 


Gamma, Temp 


Emissivity 


Epsilon, Temp 


Chemical Reaction Rates 


Reaction, Rate, RO, Rl, EA, Expl, Exp2, Exp3, Exp4, Exp5, Exp6 


Chemical Specie Diffusivity 


Specie, DRef, DO, Dl, EA 


Chemical Specie Solubility 


Specie, SRef, EA 



Material Property File Format 

The material property file is a keyword-formatted file. Keyword cards begin with an asterisk in column 
one. Keywords are not case sensitive. Keyword cards may have an associated parameter. The parameter 
is separated from the keyword by a comma. A comment is a line with asterisks in columns one and two. 
Comments and blank lines may be placed anywhere in the file. Comments and blank lines are ignored on 
input. Other than the keyword starting in column one, the file is a free format file. If a line ends with a 
comma, the next line is assumed to be a continuation line. Recognized keywords include *Material, 
^Property, * Attribute, and *Note and are discussed below. 

Keyword: ChemicalSpecies 

The *ChemicalSpecies card defines chemical species. If chemical species are defined, this section should 
precede the material property input. The molecular weight is assumed to be zero if not defined. 

Example: 
*ChemicalS pecies 
**Name,Molecular weight 
Speciel 



Keyword: ChemicalReactions 

The * ChemicalReactions card defines chemical reactions. If chemical reactions are defined, this section 
should follow the chemical specie input and precede the material property input. The heat of reaction is 
assumed to be zero if not defined. 

Example: 

^ChemicalReactions 

**Name, Heat or reaction, Units / Formula 
Salt 

Na + CI -> NaCl 
Water 

2 (H2) + 02 -> 2 (H20) 

Keyword: Material 

The ^Material card defines a material. All succeeding properties will be associated with this material until 
the next ^Material card. The material name is a required parameter. 

Example: 

*Material , Aluminum 
*Material, Steel 



Keword: Property 

The ^Property card is used to define a property of a material. The property name is a required parameter. 
A *Material card must precede the ^Property card. Properties are tables of numeric or character values. 
All property fields are comma delimited. The first card after the *Property card is a record containing 
property value names. The next card may contain property values or pro perty value units . If any field in 
the record is numeric, the record is assumed to contain property values. All succeeding records until the 
next keyword card contain property values. 

Example: 

^Property, Elastic Isotropic 
E, Nu, Temp 
PSI, IN/IN, F 
10300000., 0.3300000, 70.000000 
9900000.0, 0.3300000, 200.00000 

* Property, Density 

Rho, Temp 
LBM/IN4N-IN, F 
0.101000000, 70.000000 

Keword: Attribute 

The *Attribute card is used to associate parameters and values with properties or materials. The * Attribute 
card is followed by one or more records containing parameters names, values and units . 

Example: 

* Attribute 

TRef= 70.000000, F 
Keword: Note 

The *Note card is used to associate text with properties or materials. The note ends at the next keyword 
card. 



1( 



Example: 

*Note 

Material properties extracted from TWR- 15995 
Space Shuttle RSRM Nozzle Materials Data Book 



Unit Specification Rules 

Units specified for property sets and attributes are simply text strings stored with the properties. However, 
unit conversion is possible when the unit descriptions follow the conventions described below. 



Propert y units are expected to consist of the following: 



jUnit Type'Sr 



Length 



Force 



Mass 



Time 



Temperature 



Pressure 



Energy 



Power 



Other 



Unit Names r 



IN, FT, M, CM, MM 



LBF, LB, N, DYNE 



LBM, KG, GRAM, SLUG 



S, SEC, MIN, HR 



F, R, K, C 



PSI, PSF, PA, KSI, MSI, MPA, ATM 



BTU, CAL, J, KJ, KCAL, ERG 



W, WATT, KW 



l,MOL, MOLE 



Rules for unit specification are as follows. The unit text is expected to have at most one A Any parenthesis 
encountered on input will be ignored. All * and / operators, other than the first /, will be replaced with a -. 



Proper ty >^ 


dJnits 


Elastic Modulus 


PSI 


Poisson's Ratio 


IN/IN 


Expansion Coefficient 


IN/IN-R 
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Geometry Creation 

FEM Builder supports the creation of coordinate systems, points, curves, surfaces and volumes. A 
consistent input method for coordinates and vectors helps in creating geometry quickly. A work plane is 
also utilized to aid in the definition of many of these geometric entities. 

Coordinate and Vector Input Point 

Work Plane Curve 

Coordinate System Surface 

Groups Volume 



Coordinate and Vector Input 

Coordinate definition is fundamental to geometry modeling. Coordinates are needed directly to define 
points and curves, and indirectly to define surfaces and volumes. A uniform method is implemented in 
Fern Builder to simplify coordinate definition. 

Entering values, picking, or locating are used to define coordinates. Entering two or three values from the 
keyboard is simple and straightforward. While this is not a particularly exciting or efficient option, it 
works. Pick coordinate definition gets the coordinates of the entity picked. Picking a point, or node, gets 
the coordinates. Curve end points and curve intersections can also be picked. Locate retrieves the 
coordinates of a mouse click on the work plane. 

A filter is provided to control the action of the mouse. The pick filter allows the user to specify which 
entities to look for — points, nodes, curve end points, and curve intersections. Mouse location and grid snap 
can also be toggled on or off. 

In pick or locate mode, a hierarchy is followed to search for possible matches. When the program is in 
'Get Coordinate' mode, a small box is drawn around the cursor pick point Points which fall within the 
pick zone are considered first. Nodes, curve end points, and curve intersections are then considered. If no 
matches are found, a point on the work plane will be located. If the grid snap is on, only points on the grid 
are allowed. 

Coordinates can be entered or viewed in either global coordinates or in the work plane coordinates. Global 
coordinates are always (x f y,z)< The work plane coordinate labels depend on the work plane type — 
rectangular or cylindrical. 

Vectors or directions are also needed for several geometry functions. Defining an extrusion or an axis of 
revolution often will require a vector. A uniform method is implemented in Fern Builder to simplify vector 
definition. Vectors can be defined by entering the vector manually, by specifying two points (using the 
coordinate functions described above), by selecting a coordinate axis, or by a curve tangent. Vectors can 
be entered or viewed in either the global coordinates or in the work plane coordinates, just as points. 

Top 

Work Plane 

The work plane is used to simplify geometry modeling. For example, when locating points with the mouse, 
screen pick points are projected onto the work plane. If the work plane is perpendicular to the view plane, 
a mouse click will not return coordinates since the projection point is undefined. The work plane is always 
defined but does not have to be used. For example, when keying in coordinates, a checkbox is displayed to 
allow the coordinates to be entered in global coordinates or work plane coordinates. 

By default, the work plane is initially located on the xy plane of the global rectangular coordinate system. 
The work plane can be placed on a coordinate system plane, or moved to any position. The work plane is 
either rectangular or cylindrical. A rectangular work plane allows input of x,y,z coordinates; a cylindrical 




work plane allows the input of r,0,z coordinates. The work plane also has a grid snap option that controls 
the coordinates received from mouse clicks. The user can specify the grid size increment and whether 
screen picks snap to work plane grid points. 



Top 

Coordinate System 

Coordinate systems can be rectangular, cylindrical, or spherical. Specifying the system origin, a point on 
the positive x-axis, and a point on the xy or xz plane creates a rectangular coordinate system. Specifying 
the system origin, a point on the positive z-axis, and a point on the rz-plane creates a cylindrical or 
spherical coordinate system. 



A point defines a location in three-dimensional space. Points can be created by picking points, nodes, 
curve end points, curve intersections, by screen location on the work plane using the mouse, or by entering 
coordinates. Other point create functions create points between two coordinate locations, or on a curve. 

Top 
Curve 

A curve is a line, arc, circle, or spline defined in a plane or in general three-dimensional space. 

Specifying end points creates lines. Lines can be created from pairs of coordinates using the Single option 
or between successive points using the Point-to-Point option. 

There are four different methods to create an arc. These methods are three points on the arc, the center- 
start-end points, the start-end points and the radius, and the center-start points and the angle. The start-end- 
radius arc and the center-start-angie arc definitions use the work plane to provide the additional data to 
complete these arc definitions. The start-end-radius arc and the center-start-angle arc use the work plane 
normal vector (z-axis) and the right-hand rule to define the plane and circumscribed direction of the arc. 

A circle function is available which creates a circular arc from the center point and a radius. It also uses the 
work plane normal vector to complete the circle definition. 

Splines are a series of connected cubic segments with second derivative continuity (C 2 ). Splines are 
defined by specifying points along the spline and two end conditions. There are two types of possible end 
conditions: zero curvature or specified tangents. The zero curvature end conditions are the default. 
Specified tangent end conditions may be input using the vector input options described above. 

Curves may also be created with the offset function, which creates a curve based on the selected curve, an 
offset direction, and an offset distance. 



A surface is a region bounded by a curve or curves in two- or three-dimensional space. Surface creation 
functions include boundary curves, extrusion, and revolution. The Boundary function creates a surface by 
specifying all the boundary curves. The Extrude function creates a surface by extruding a set of connected 
curves through a given distance. The Revolve function creates a surface by revolving a set of connected 
curves about an axis of revolution through a specified angle. 



Top 



Point 



Top 



Surface 




Future surface functions will include other creation options such as sweep, loft and mesh of curves, as well 
as split and join. 

Top 

Volume 

A volume is a three-dimensional space bounded by a surface or surfaces. Volume creation functions 
include boundary surfaces, extrude, and revolve. The Boundary function creates a volume by specifying all 
surfaces that enclose the volume. The Extrude function creates volume using a surface and an extrusion 
direction and distance. The Revolve function creates a volume using a surface with an origin, an axis of 
revolution, and an extrusion angle. 

Future volume function will include sweep, split and Boolean operations. 
Top 

Groups 

FEM Builder supports the creation of point, curve, surface, and volume groups. Unlike node and element 
groups, these groups are not supported by and may not be imported through the Ideas Master Series 
interface. The group creation functions allow selection of the points, curves, surfaces, or volumes after 
which a group name may be specified. If the specified name already exists, it will be replaced. 

Top 
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Create Finite Element Model Entities 

FEM Builder supports the creation of nodes, elements, constraint equations, groups, and boundary 
conditions. 

Node 
Element 

Constraint equations 
Mesh generation 
Groups 

Boundary Conditions 

Node 

The same coordinate input method used for points is also used for node coordinate input. 
Top 

Element 

Default values for element creation are loaded from the defaults in the registry, which can be set up with 
the Tools/Options selections from the menu. The program automatically assigns an element label. Then the 
user can modify the geometry type, the analysis type, the Material ID, the Property ID, the hybrid flag, the 
reduced flag and the nodes that comprise the element. The Apply button and the OK button will create the 
new element with the values from the dialog box. 

Node connectivity allows the user to select the nodes that will comprise the element. A diagram of the 
node order is displayed to assist in the assignment of the nodes. 

Top 

Constraint Equations 

Constraint generation provides a simple way for users to create constraint equations in a finite element 
model Constraint equations are a way to control specific behavior and relationships between nodes in a 
finite element model. The constraint equations created by this function bind elements together that do not 
share common nodes. Only the three displacement degrees of freedom (DX, DY, and DZ) are used by the 
constraint generation functions. 

The constraint generation wizard is activated from the Fern Builder menu by selecting Create and then 
Constraint . In the Constraint Wizard dialog box, the user specifies the constraint generation method, 
selects the desired degrees of freedom, and enters necessary tolerances. The zero coefficient tolerance is 
used to eliminate near zero coefficients from the constraint equations. The move node tolerance is used to 
indicate the maximum allowed distance to move a node. The next page in the Constraint Wizard is node 
selection where the nodes to constrain are indicated. If constraining elements are required, these elements 
are then selected. The last page of the Constraint Wizard is a summary of the options selected. Pressing 
the Finish button generates the constraint equations. 

Three methods of generation constraint equations are available in Fern Builder: 

• Constrain nodes to elements 

• Constrain nodes to free faces 

• Constrain nodes to adjacent nodes 

Constrain Nodes to Elements 

When nodes are constrained to elements, the element that contains the node to constrain is found. The 
location of the node relative to the element natural coordinate system is determined. The element shape 



functions are evaluated at this natural coordinate position. The zero coefficient tolerance is used to 
eliminate near zero shape function values, and the shape function values are normalized. Using the 
displacement coordinate system for each node, the shape function value associated with that node 
undergoes a coordinate system transformation. The results of this transformation are the coefficients of the 
constraint equation. These coefficients are again compared with the zero coefficient tolerance to eliminate 
near zero coefficients, and the constraint equation is created. 

Constrain Nodes to Element Free Faces 

When nodes are constrained to element free faces, the closest element free face to the node that is being 
constrained is found. The location of the node relative to the element natural coordinate system is 
determined, and the node is moved to be on the nearest free face of the element if this new location is 
within the move node tolerance. If not, no constraint equation is generated. The element shape functions 
are evaluated at this natural coordinate position. The zero coefficient tolerance is used to eliminate near 
zero shape function values, and the shape function values are normalized. Using the displacement 
coordinate system for each node, the shape function value associated with that node undergoes a coordinate 
system transformation. The results of this transformation are the coefficients of the constraint equation. 
These coefficients are again compared with the zero coefficient tolerance to eliminate near zero 
coefficients, and the constraint equation is created. 

Constrain Nodes to Adjacent Nodes 

When nodes are constrained to adjacent nodes, the adjacent nodes that form the shortest line that, within 
tolerance, includes the node to be constrained are found. The node to be constrained must be within the 
move node tolerance to be moved. If so, the node is then moved to the closest position on the line. If no 
such line exists, then the node is not moved and no constraint equation is generated. The parametric 
coordinate of the node to constrain relative to the shortest line is determined. A linear interpolation 
function is evaluated at this parametric coordinate to obtain shape function values, similar to those of a 
linear line element. The zero coefficient tolerance is used to eliminate near zero shape function values, and 
the shape function values are normalized. Using the displacement coordinate system for each node, the 
shape function value associated with that node undergoes a coordinate system transformation. The results 
of this transformation are the coefficients of the constraint equation. These coefficients are again compared 
with the zero coefficient tolerance to eliminate near zero coefficients, and the constraint equation is created. 

Top 

Groups 

FEM Builder supports the creation of node, element, and element face groups. Node and element groups 
are supported by and may be imported through the Ideas Master Series interface. However, element face 
groups may not be imported through the Ideas Master Series interface. Element face groups are useful in 
creating boundary conditions since the precise set of faces to be loaded may be selected. The group 
creation functions allow selection of the nodes, elements, or faces after which a group name may be 
specified. If the specified name already exists, it will be replaced. 

Top 

Boundary Conditions 

FEM Builder supports the creation of many types of boundary conditions. Boundary conditions have been 
grouped into three categories: structural, thermal, and chemical Each is applied to one or more FEM 
entities and is identified by a load set id or specie name. Some of the boundary conditions have reference 
temperatures associated to them. There are four methods of defining boundary conditions: constant, tabular, 
interpolated, and isentropic flow. The following table summarizes the currently supported boundary 
conditions, their parameters, and their available definition methods. 



Type 


Applied to 


Identification 


Ref . Value 


Available Methods 


Pressure 


Element free faces 


Set ID 


No 


Constant, Interpolate, Isentropic 


Restraint 


Nodes 


Set ID 


No 


Constant, Interpolate 



1* 



Force 


Nodes 


Set ID 


No 


Constant 


Moment 


Nodes 


Set ED 


No 


Constant 


Temperature 


Nodes 


Set ID 


No 


Constant 


Convection 


Element free faces 


Set ID 


Yes 


Constant 


Radiation 


Element free faces 


Set ID 


Yes 


Constant 


Heat Flux 


Element free faces 


Set ID 


No 


Constant 


Point Source 


Nodes 


Set ID 


No 


Constant 


Volume Source 


Elements 


Set ID 


No 


Constant 


Specie Concentration 


Element free faces 


Specie name 


No 


Constant 


Specie Convection 


Element free faces 


Specie name 


Yes 


Constant 


Specie Flux 


Element free faces 


Specie name 


No 


Constant 



The restraint boundary condition has six degrees of freedom. The user can select one of six types to define 
which degrees of freedom are restrained. 

1. Specify - restrain whatever the user selects. 

2. X Symm - restrain translation in the x-direction and rotation about the y and z-axes. 

3. Y Symm - restrain translation in the y-direction and rotation about the x and z-axes. 

4. Z Symm - restrain translation in the z-direction and rotation about the x and y-axes. 

5. Pinned - restrain translation in the x, y and z-directions. 

6. Fixed - restrain translation in the x, y and z-directions, and rotation about the x, y and z-axes. 



In order to create chemical species boundary conditions, the user must first define (create) the chemical 
specie to be applied as a boundary condition. 



Constant 

This method of boundary condition creation applies to all types of boundary conditions. Boundary 
conditions are created in a two-step process: 

1. Selection of the nodes, elements, or element faces to which the BC will be applied. 

2. Specification of the BC set ID and value or values. 



Tabular 

Not yet implemented. 



Interpolated 

The interpolation method of boundary condition creation is used for creating enforced restraints based on 
the deformation of an existing structural model and for extracting pressure loads from CFD models. 
Selected nodes or the centroid of selected element faces are projected onto the grid that has the specified 
analysis result in a manner similar to that used for result interpolation . Boundary conditions are created in 
a two-step process: 

1. Selection of the nodes or element faces to which the BC will be applied. 

2. Specification of the model and result to interpolate from, the maximum projection distance, and the BC 
set ID. 



Isentropic flow 

The isentropic flow method of boundary condition creation is used for creating pressure loads based on 
isentropic flow equations. Boundary conditions are created in a two-step process: 

1. Selection of the element faces to which the BC will be applied. 

2. Specification of the BC set ID, throat radius, throat Z location, stagnation pressure, the ratio of specific 
heats (gamma), and the nozzle exit direction (increasing or decreasing Z). 

Symbols 

Each of the boundary condition types has a symbol used to represent it in the model. They are as follows: 



Structural and Thermal 



Pressure 



Force 



Moment 



Temperature 



f I 1 



Convection 



Radiation 



Heat Flux 



Point Source 



Volume Source 



Species 



Concentration 



Convection 



Flux 



Top 
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Create Finite Element Model Entities 

FEM Builder supports the creation of nodes, elements, constraint equations, groups, and boundary 
conditions. 

Node 
Element 

Constraint equations 
Mesh generation 
Groups 

Boundary Conditions 

Node 

The same coordinate input method used for points is also used for node coordinate input. 
Top 

Element 

Default values for element creation are loaded from the defaults in the registry, which can be set up with 
the Tools/Options selections from the menu. The program automatically assigns an element label Then the 
user can modify the geometry type, the analysis type, the Material ID, the Property ID, the hybrid flag, the 
reduced flag and the nodes that comprise the element. The Apply button and the OK button will create the 
new element with the values from the dialog box. 

Node connectivity allows the user to select the nodes that will comprise the element. A diagram of the 
node order is displayed to assist in the assignment of the nodes. 

Top 

Constraint Equations 

Constraint generation provides a simple way for users to create constraint equations in a finite element 
model. Constraint equations are a way to control specific behavior and relationships between nodes in a 
finite element model The constraint equations created by this function bind elements together that do not 
share common nodes. Only the three displacement degrees of freedom (DX, DY, and DZ) are used by the 
constraint generation functions. 

The constraint generation wizard is activated from the Fern Builder menu by selecting Create and then 
Constraint. In the Constraint Wizard dialog box, the user specifies the constraint generation method, 
selects the desired degrees of freedom, and enters necessary tolerances. The zero coefficient tolerance is 
used to eliminate near zero coefficients from the constraint equations. The move node tolerance is used to 
indicate the maximum allowed distance to move a node. The next page in the Constraint Wizard is node 
selection where the nodes to constrain are indicated. If constraining elements are required, these elements 
are then selected. The last page of the Constraint Wizard is a summary of the options selected. Pressing 
the Finish button generates the constraint equations. 

Three methods of generation constraint equations are available in Fern Builder: 

• Constrain nodes to elements 

• Constrain nodes to free faces 

• Constrain nodes to adjacent nodes 

Constrain Nodes to Elements 

When nodes are constrained to elements, the element that contains the node to constrain is found. The 
location of the node relative to the element natural coordinate system is determined. The element shape 



too 



functions are evaluated at this natural coordinate position. The zero coefficient tolerance is used to 
eliminate near zero shape function values, and the shape function values are normalized. Using the 
displacement coordinate system for each node, the shape function value associated with that node 
undergoes a coordinate system transformation. The results of this transformation are the coefficients of the 
constraint equation. These coefficients are again compared with the zero coefficient tolerance to eliminate 
near zero coefficients, and the constraint equation is created. 

Constrain Nodes to Element Free Faces 

When nodes are constrained to element free faces, the closest element free face to the node that is being 
constrained is found. The location of the node relative to the element natural coordinate system is 
determined, and the node is moved to be on the nearest free face of the element if this new location is 
within the move node tolerance. If not, no constraint equation is generated. The element shape functions 
are evaluated at this natural coordinate position. The zero coefficient tolerance is used to eliminate near 
zero shape function values, and the shape function values are normalized. Using the displacement 
coordinate system for each node, the shape function value associated with that node undergoes a coordinate 
system transformation. The results of this transformation are the coefficients of the constraint equation. 
These coefficients are again compared with the zero coefficient tolerance to eliminate near zero 
coefficients, and the constraint equation is created. 

Constrain Nodes to Adjacent Nodes 

When nodes are constrained to adjacent nodes, the adjacent nodes that form the shortest line that, within 
tolerance, includes the node to be constrained are found. The node to be constrained must be within the 
move node tolerance to be moved. If so, the node is then moved to the closest position on the line. If no 
such line exists, then the node is not moved and no constraint equation is generated. The parametric 
coordinate of the node to constrain relative to the shortest line is determined. A linear interpolation 
function is evaluated at this parametric coordinate to obtain shape function values, similar to those of a 
linear line element. The zero coefficient tolerance is used to eliminate near zero shape function values, and 
the shape function values are normalized. Using the displacement coordinate system for each node, the 
shape function value associated with that node undergoes a coordinate system transformation. The results 
of this transformation are the coefficients of the constraint equation. These coefficients are again compared 
with the zero coefficient tolerance to eliminate near zero coefficients, and the constraint equation is created. 

Top 

Groups 

FEM Builder supports the creation of node, element, and element face groups. Node and element groups 
are supported by and may be imported through the Ideas Master Series interface. However, element face 
groups may not be imported through the Ideas Master Series interface. Element face groups are useful in 
creating boundary conditions since the precise set of faces to be loaded may be selected. The group 
creation functions allow selection of the nodes, elements, or faces after which a group name may be 
specified. If the specified name already exists, it will be replaced. 

Top 

Boundary Conditions 

FEM Builder supports the creation of many types of boundary conditions. Boundary conditions have been 
grouped into three categories: structural, thermal, and chemical. Each is applied to one or more FEM 
entities and is identified by a load set id or specie name. Some of the boundary conditions have reference 
temperatures associated to them. There are four methods of defining boundary conditions: constant, tabular, 
interpolated, and isentropic flow. The following table summarizes the currently supported boundary 
conditions, their parameters, and their available definition methods. 



T Y pe 


Applied to 


Identification 


Ref. Value 


Available Methods 


Pressure 


Element free faces 


Set ID 


No 


Constant, Interpolate, Isentropic 


Restraint 


Nodes 


Set ID 


No 


Constant, Interpolate 



Force 


Nodes 


Set ID 


No 


Constant 


Moment 


Nodes 


Set ID 


No 


Constant 


Temperature 


Nodes 


Set ID 


No 


Constant 


Convection 


Element free faces 


Set ID 


Yes 


Constant 


Radiation 


Element free faces 


Set ID 


Yes 


Constant 


Heat Flux 
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No 


Constant 


Point Source 


Nodes 


Set ID 


No 


Constant 


Volume Source 


Elements 


Set ID 


No 


Constant 


Specie Concentration 


Element free faces 


Specie name 


No 


Constant 


Specie Convection 


Element free faces 


Specie name 


Yes 


Constant 


Specie Flux 


Element free faces 


Specie name 


No 


Constant 



The restraint boundary condition has six degrees of freedom. The user can select one of six types to define 
which degrees of freedom are restrained* 

1 . Specify - restrain whatever the user selects. 

2. X Symm - restrain translation in the x-direction and rotation about the y and z-axes. 

3. Y Symm - restrain translation in the y-direction and rotation about the x and z-axes. 

4. Z Symm - restrain translation in the z-direction and rotation about the x and y-axes. 

5. Pinned - restrain translation in the x, y and z-directions. 

6. Fixed - restrain translation in the x, y and z-directions, and rotation about the x, y and z-axes. 



In order to create chemical species boundary conditions, the user must first define (create) the chemical 
specie to be applied as a boundary condition. 



Constant 

This method of boundary condition creation applies to all types of boundary conditions. Boundary 
conditions are created in a two-step process: 

1 . Selection of the nodes, elements, or element faces to which the BC will be applied. 

2. Specification of the BC set ID and value or values. 

Tabular 

Not yet implemented. 

Interpolated 

The interpolation method of boundary condition creation is used for creating enforced restraints based on 
the deformation of an existing structural model and for extracting pressure loads from CFD models. 
Selected nodes or the centroid of selected element faces are projected onto the grid that has the specified 
analysis result in a manner similar to that used for result interpolation . Boundary conditions are created in 
a two-step process: 

1 . Selection of the nodes or element faces to which the BC will be applied. 

2. Specification of the model and result to interpolate from, the maximum projection distance, and the BC 
set ID. 



Isentropic flow 

The isentropic flow method of boundary condition creation is used for creating pressure loads based on 
isentropic flow equations. Boundary conditions are created in a two-step process: 

1 . Selection of the element faces to which the BC will be applied. 

2. Specification of the BC set ID, throat radius, throat Z location, stagnation pressure, the ratio of specific 
heats (gamma), and the nozzle exit direction (increasing or decreasing Z). 



Symbols 

Each of the boundary condition types has a symbol used to represent it in the model. They are as follows: 

Structural and Thermal 
Pressure Force Moment Temperature 

f I I 



Convection Radiation Heat Flux Point Source Volume Source 



Species 

Concentration Convection Flux 
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Mesh Generation 

Meshes can be created in FEM Builder on surfaces and volumes . Structured (mapped) and arbitrary (free) 
meshes are easily generated. Users select a geometric entity to mesh, and specify a mesh type, the mesh 
parameters, and the curve subdivision. The user may preview the mesh before creating it 

Surface Mesh 

A mesh may be generated on a planar or non-planar surface. Linear and quadratic order triangular 
elements and/or quadrilateral elements are used when meshing surfaces. 

Structured Surface Mesh 

A mapped mesh is the most straightforward and intuitive method of meshing. The boundary curves of a 
surface must be collected and divided into four edges. A regular grid is formed on the "four-sided" surface 
by mapping points on opposite sides together. A structured mesh is a mapped mesh or some hybrid of a 
mapped mesh. There are four varieties of structured surface meshes that can be generated in FEM Builder: 
mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2. Each of these mesh types is shown * 
in Figure 1. 
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Figure 1: Structured surface meshes: Mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2 

A standard mapped mesh can only be created when opposite sides have equal subdivisions. A ID- 
transition mesh modifies a regular mapped mesh by subdividing one row of elements on an edge to obtain 
finer curve subdivision. Both 2D-transition meshes are constructed from two mapped meshes— one central 
mesh and a "wrap-around" mesh— to mesh surfaces with irregular subdivisions. This set of structured 
mesh types will mesh most curve subdivisions. 



Arbitrary Surface Mesh 

An arbitrary mesh is constructed with an arbitrary number of edges. An intricate process is used to 
determine the location of interior points and how those points should be connected into elements. Arbitrary 
meshes generated by FEM Builder are either triangular or quadrilateral. Occasionally, a triangular element 
is needed in an otherwise quadrilateral mesh. Each of these mesh types is shown in Figure 2. 



Volume Mesh 

A mesh may be generated on a volume. Linear and quadratic order brick elements, wedge elements, and/or 
tetrahedron elements are used when meshing volumes. 

Structured Volume Mesh 

Similar to a surface-mapped mesh, a volume-mapped mesh is the most straightforward and intuitive 
method of meshing volumes. The volume to be meshed must be defined by six surfaces, with each surface 
connected to four surfaces and opposite of the other. A regular grid is formed on the six-sided volume by 
mapping points on opposite sides together. A structured mesh is a mapped mesh or some hybrid of a 
mapped mesh. There are four varieties of structured volume meshes that can be generated in FEM Builder: 
mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2. These meshes correspond directly 
with their respective surface mesh counterparts. In the volume mesh version of these transition meshes, the 
third dimension of the meshes is mapped. This yields two opposite surfaces with transition meshes and the 
other surfaces with mapped meshes. Each of these mesh types is shown in Figure 3. 




Figure 2: Arbitrary meshes: Triangle and Quadrilateral 
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Figure 3: Volume meshes: Mapped, ID-transition, 2D-transition type 
Arbitrary Volume Mesh 

Arbitrary volume meshes have not been implemented yet. 
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Mesh Generation 



Meshes can be created in FEM Builder on surfaces and volumes . Structured (mapped) and arbitrary (free) 
meshes are easily generated. Users select a geometric entity to mesh, and specify a mesh type, the mesh 
parameters, and the curve subdivision. The user may preview the mesh before creating it. 

Surface Mesh 

A mesh may be generated on a planar or non-planar surface. Linear and quadratic order triangular 
elements and/or quadrilateral elements are used when meshing surfaces. 

Structured Surface Mesh 

A mapped mesh is the most straightforward and intuitive method of meshing. The boundary curves of a 
surface must be collected and divided into four edges. A regular grid is formed on the "four-sided" surface 
by mapping points on opposite sides together. A structured mesh is a mapped mesh or some hybrid of a 
mapped mesh. There are four varieties of structured surface meshes that can be generated in FEM Builder: 
mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2. Each of these mesh types is shown 
in Figure L 
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Figure 1: Structured surface meshes: Mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2 

A standard mapped mesh can only be created when opposite sides have equal subdivisions. A ID- 
transition mesh modifies a regular mapped mesh by subdividing one row of elements on an edge to obtain 
finer curve subdivision. Both 2D-transition meshes are constructed from two mapped meshes — one central 
mesh and a "wrap-around" mesh — to mesh surfaces with irregular subdivisions. This set of structured 
mesh types will mesh most curve subdivisions. 



Arbitrary Surface Mesh 

An arbitrary mesh is constructed with an arbitrary number of edges. An intricate process is used to 
determine the location of interior points and how those points should be connected into elements. Arbitrary 
meshes generated by FEM Builder are either triangular or quadrilateral. Occasionally, a triangular element 
is needed in an otherwise quadrilateral mesh. Each of these mesh types is shown in Figure 2. 




Figure 2: Arbitrary meshes: Triangle and Quadrilateral 
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Volume Mesh 

A mesh may be generated on a volume. Linear and quadratic order brick elements, wedge elements, and/or 
tetrahedron elements are used when meshing volumes. 

Structured Volume Mesh 

Similar to a surface-mapped mesh, a volume- mapped mesh is the most straightforward and intuitive 
method of meshing volumes. The volume to be meshed must be defined by six surfaces, with each surface 
connected to four surfaces and opposite of the other. A regular grid is formed on the six-sided volume by 
mapping points on opposite sides together. A structured mesh is a mapped mesh or some hybrid of a 
mapped mesh. There are four varieties of structured volume meshes that can be generated in FEM Builder; 
mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2. These meshes correspond directly 
with their respective surface mesh counterparts. In the volume mesh version of these transition meshes, the 
third dimension of the meshes is mapped. This yields two opposite surfaces with transition meshes and the 
other surfaces with mapped meshes. Each of these mesh types is shown in Figure 3. 
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Figure 3: Volume meshes: Mapped, ID-transition, 2D-transition type 1, and 2D-transition type 2 
Arbitrary Volume Mesh 

Arbitrary volume meshes have not been implemented yet. 
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Material Properties 

Material properties are an integral part of FEM. The material properties that must be defined depends on 
the analysis progTam being used. The currently supported material properties are listed in Appendix - 
Material Properties. Fern Builder supports the ability to create, edit, list, and delete material properties, as 
well as the ability to read and write material property files, and specify element material orientations. If a 
material property file includes some properties that are not in the FEM database, those files are treated as a 
special category called user defined properties. 

A material can be created with or without associating a material id, and defining its properties. If the user 
does not define material id(s) and/or properties, they may do so when editing the material. It is important to 
note that a material may be associated with multiple material ids. However, a material id can be associated 
to one and only one material. 

Create 

The menu bar Create, Material Property option is used to create new materials and their properties. The 
name of the material to create and the element material Ids to associate with the material are specified. For 
convenience, properties are grouped into classes. Property classes include structural, thermal, chemical, 
and user defined. User defined properties may be edited but not created. 

Upon selecting a property type, the user can enter the property values. The user must select the Apply 
button in order to save the new values of a property before changing property types. When a property has 
been created for the specified material a checked box will appear next to it in the list of supported 
properties. 

If the user is in create mode and selects an existing property, any changes are treated as if in edit mode. 

Temperature dependent properties are supported. In order to add additional temperature dependent values 
to the property, the user places the mouse over the grid containing the properties and presses the right most 
mouse button. This brings up a popup menu that provides insert, append, and delete functionality for 
additional temperature dependent property input. 

Edit 

The menu bar Edit, Material Property option is used to edit existing materials and their properties. An 
existing material may be selected from the pop-down menu in the Edit Material dialog box, and the list of 
material ids associated with the specified material may be modified.. 

The user may create properties or may edit any existing property, including user defined property types. 
Existing properties contain a checked box next to it in the property list. After a property is added or 
redefined the user must press the Apply button in order to save the changes before selecting a different 
property type. 

Temperature dependent property values can be added in the same way that they are in the Create, Material 
Property dialog. 

List 

This interface is used to list the current material properties in the database to the list window. The user is 
prompted to specify which materials and their associated properties are to be displayed. The specified 
material(s) and associated property definitions are displayed in the list window. 

Delete 

This interface is used to delete materials and their existing properties. The user is able to delete any 
material and associated properties that is created or read into FEM Builder, including user-defined 



properties. If all the properties are deleted for this material name the user will be asked if the material 
should be deleted as well 

Read 

This interface is used to read material properties from a material property (.pdb extension) file or from a 
Fern Builder (.fdb extension) file. It reads any property that is formatted correctly (see Appendix - Material 
Properties), including property notes and attributes. This is how user-defined properties are brought into 
FEM Builder. Upon reading the file, the user is prompted to select the material properties they would like 
to add to their current Fern Builder model. 

Write 

This interface is used to write material properties to a file. The property file's default name is the current 
model name with a .pdb extension. It writes all properties that are in the current model's database. 

Return to Table of Contents 
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Chemical Properties 

Chemical properties consist of chemical species, chemical reactions, and chemical specie/reaction related 
material properties (specie diffusivity, specie solubility, and reaction rates). These properties are all 
interrelated. Chemical reactions define how species react and so may only refer to defined chemical 
species. The solubility and diffusivity of chemical species depend on the material they are migrating 
through. Chemical reaction rates may also depend on the surrounding material, e.g. the surrounding 
material may be a catalyst to the reaction. As a result chemical specie solubility, specie diffusivity, and 
reaction rates are defined as material properties. 

Chemical Species 

Chemical species are degrees of freedom in a specie diffusion problem such as those solved by TexChem. 
For each defined chemical specie, appropriate specie boundary conditions should be created. Chemical 
specie solubility and diffusivity properties should be defined for each specie in each material. 

Chemical Reactions 

Chemical reaction's formula defines how species react. As reactions are defined, if the reaction formula 
refers to undefined chemical species, the user is given the option of creating the undefined specie(s). The 
reaction formula is in the following form. 

coef R i (specie R1 ) +... coef Rn (specie Rn )-> coef P1 (specie P1 ) +... coef Pm ( specie^) 

Where coef R] ,. . .coef Rn : Reactant stoichiometric coefficients 
coef P1 ,...coef Pm : Product stoichiometric coefficients 
specie R1 ,...specie Rn : Reactant species 
specie P1 ,...specie Pm : Product species 

If a stoichiometric coefficient is 1, then neither the coefficient nor the parenthesis around the specie name 
are required. 
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Edit Geometry 

FEM Builder supports the editing the work plane, points, curves, surfaces and volumes. The same methods 
in getting coordinate and vector input in the create geometry dialogs are used in the edit geometry dialogs. 

Work Plane Surface 
Point Volume 
Curve 

Work Plane 

The work plane is used to simplify geometry modeling. For example, when locating points with the mouse, 
screen pick points are projected onto the work plane. If the work plane is perpendicular to the view plane, 
a mouse click will not return coordinates since the projection point is undefined. The work plane is always 
defined but does not have to be used. For example, when keying in coordinates, a checkbox is displayed to 
allow the coordinates to be entered in global coordinates or work plane coordinates. 

By default, the work plane is initially located on the xy plane of the global rectangular coordinate system. 
However, the user has the option of making it rectangular or cylindrical. The work plane also has a grid 
snap option that controls the coordinates received from clicks of the mouse. The user can specify the grid 
size increment and whether screen picks snap to work plane grid points. The work plane can be placed on a 
local coordinate system plane, or moved to any position. The user can edit its position by entering vectors 
for its X and Y axis or by selecting one of three definition methods. They are select a local coordinate 
system plane, translate the work plane, and rotate the work plane. The work plane is either rectangular or 
cylindrical. A rectangular work plane allows input of x, y, z coordinates; a cylindrical work plane allows the 
input of r, 0, z coordinates. 
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Point 

The edit point color option allows the user to select any number of points using one of the selection 
methods to identify them. On the color page the current default point color has the focus and will be used if 
the user does not specify another color. 

Top 
Curve 

There are four ways to edit curves. They are Split, Trim/Extend, Subdivision, and Color. 

The edit curve split option allows the user to select a curve and specify a split location along the curve. The 
user may specify this point by location (coordinate input, picking, or locating), by specifying a distance 
along the curve, or by specifying a parametric percentage of the curve. If the location point is not on the 
curve, it is projected onto the curve and the split is performed at the projected point 

The edit curve trim/extend option allows the user to select a curve and specify a trim/extend location. 
Coordinate input, picking, or locating a point defines the location. If the projected location falls on the 
curve, the curve endpoint closest to that location is trimmed. If the projected location does not fall on the 
curve, the curve endpoint closest to that location is extended. Similar to split, when picking or locating a 
trim point it is projected onto the curve. The switch button allows the user to change which end of the curve 
to trim. 

The edit curve subdivision option allows the user to select a curve and specify the type of subdivision in 
. relation to meshing. The subdivision types are uniform, end bias, and center bias. The user can also specify 
the number of elements and the size ratio. 
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The edit curve color option allows the user to select any number of curves using one of the selection 
methods to identify them. On the color page the current default point color has the focus and will be used if 
the user does not specify another color. 



The edit surface color option allows the user to select any number of surfaces using one of the selection 
methods to identify them. On the color page the current default surface color has the focus and will be used 
if the user does not specify another color. 

Mesh Attributes requires the user to pick or choose a surface and edit the attributes that that will be used 
when the surface is meshed. 



The edit volume color option allows the user to select any number of volumes using one of the selection 
methods to identify them. On the color page the current default point color has the focus and will be used if 
the user does not specify another color. 

Mesh Attributes requires the user to pick or choose a volume and edit the attributes that that will be used 
when the volume is meshed. 
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Surface 
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Volume 
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Edit Finite Element Model Entities 

FEM Builder supports editing the . . . 
Node 

The edit node Definition option allows the user to select any node for editing. The selected nodes will be 
assigned the displacement system and coordinates as input by the user. On the edit node page the current 
work plane displacement system has the focus and will be used if the user does not specify another 
displacement system. The default coordinates are the current coordinates of the node. The Apply button 
and the OK button will replace the values for the node with the values from the dialog box. 

The edit node Color option allows the user to select any number of nodes using one of the selection 
methods to identify them. The selected nodes will be assigned the color selected by the user. On the color 
page the current default node color has the focus and will be used if the user does not specify another color. 

The edit node Displacement System option allows the user to select any number of nodes using one of the 
selection methods to identify them. The selected nodes will be assigned the displacement system selected 
by the user. On the displacement system page the current work plane displacement system has the focus 
and will be used if the user does not specify another displacement system. 

Top 

Element 

The edit element Definition option allows the user to select any element for editing. The default values are 
the current values of the element. Upon selection of an element, the user can modify the geometry type, the 
analysis type, the material ID, the Property ID, the hybrid flag, the reduced flag and the nodes that 
comprise the element. The Apply button and the OK button will replace the values for the element with the 
values from the dialog box. 

Hybrid elements are primarily intended for use with incompressible and almost incompressible material 
behavior. 

Reduced integration elements use a lower-order integration to form the element stiffness. 

The edit element Color option allows the user to select any number of elements using one of the selection 
methods to identify them. The selected elements will be assigned the color selected by the user. On the 
color page the current default element color has the focus and will be used if the user does not specify 
another color. 

The edit element Orientation option allows the user to select any number of elements using one of the 
selection methods to identify them. The selected elements will be assigned the orientation selected by the 
user. On the orientation page the current default element orientation has the focus and will be used if the 
user does not specify another orientation. 

The edit element MID option allows the user to select any number of elements using one of the selection 
methods to identify them. The selected elements will be assigned the material ID selected by the user. On 
the MID page the current default element MID has the focus and will be used if the user does not specify 
another MID. 

The edit element PID option allows the user to select any number of elements using one of the selection 
methods to identify them. The selected elements will be assigned the property ID selected by the user. On 
the PID page the current default element PID has the focus and will be used if the user does not specify 
another PID. 



Element Orientation 

General material orientation is specified by three Euler angles defining local orientation axes with respect 
to the global model axes. The first Euler angle is the rotation about Z, the second about Y\ and the third 
about X". This interface is used to define the orientation of materials by defining the element's orientation. 
The user is prompted to select elements to orient and to define the orientation of those elements. The 
orientations are associated to the materials by way of the material id assigned in the data of each element. 

The orient material function supports orientation of cylindrical and rectangular materials. There are two 
general methods of defining the orientation: 1) Define all axes at once or 2) define each axis one at a time. 
The following table shows the ways of defining orientations for each method. 



Define all Axes 


Define each Axis 


Ply tilt angle 


Vector directions 


Vector directions 


Curve tangent (rotating) 


Coordinate system 


Curve tangent (stationary) 


Euler angles 




Element edges 





Ply Tilt Angle 

Ply tilt angle orientation implies that a material is cylindrical. The ply tilt angle option prompts the user for 
the desired ply-tilt angle, which is the angle between the Z-axis and the third material axis. A positive ply 
tilt angle is a right hand rotation about the Y or Theta axis (see the following figure). 

Z 

Ply 3 



R 

J Ply Tilt 
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Vector Directions 

For the "Define all Axes" method, the user can pick points or enter values to define three vectors for the 
orientation definition. For the "Define each Axis" method, the user specifies which material axis to define 
and then pick points or enters a value for the vector used to define the material axis. This interface appears 
twice for defining each of the first two material vectors. The third is computed using the cross product of 
the other two. 

Coordinate System 

The coordinate system option prompts the user to select a coordinate system defined in the current model. 
It aligns the material axes with the selected coordinate system. 

Euler Angles 

The Euler angle option prompts the user to specify material orientation via Euler angles. The Euler angles 
requested are the rotation about the Z-axis, the Y'-axis, and the X"-axis. The primes are used to indicate an 
axis in its new position after the preceding rotation has occurred. 

Element Edge 

The element edge option prompts the user to specify which material axis is aligned to which element edge. 
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Curve Tangent 

The curve tangent option prompts the user to select a curve and to specify which material axis, first, second 
or third, is tangent to the curve. The specified curve may be stationary or rotating. If a rotating curve is 
specified, the user is prompted for the rotation origin and axis of rotation. 

In the cases where vectors are defined, the specified vectors are checked to see if they are orthogonal. If 
they are not then the cross product of the two specified vectors is used to define the remaining vector. The 
second vector is redefined using the cross product of the first and third vectors. 
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Result Functions 



Superposition 

Superposition creates new sets of analysis results that are linear combinations of existing analysis sets. The 
function will either create a result for all of the result types that exist in the selected result sets, or just for 
selected result types. The multiplication factors to be applied to existing analysis sets must be specified. 
Default values of analysis set file, step, increment, and mode for the computed results are defined but may 
be specified. 

In the superposition calculation if a result type exists in some analysis sets and not in others, or if results are 
defined for a node/element in one set and not in others, the result summation will ignore the undefined 
value. 

Top 

Interpolation 

Interpolation functions allow interpolation of analysis results between grids, i.e. from one model to another, 
and interpolation to other locations within the same model. 

Interpolation between grids 

The function to create results by interpolation between grids projects node or centroidal locations from one 
model onto the grid containing the analysis results. The projection function attempts to find an element 
that contains the projected point. If an element is located, interpolation to the projected location is 
performed using the element shape functions. If no element contains the point, the point will be projected 
onto free faces of elements connected to nodes within a specified distance. 

For results on elements at nodes, the function will first project the centroid of the element and then project 
the element nodes with the restriction that the element the node projects onto must have the same material 
ID as the centroid projection. 

The function has the following steps. 

1. The model from which results will be derived, the model to which the results will be applied, and the 
location of the interpolated result are specified. 

2. The function requests selection of results to be interpolated on the/rom-model. 

3. Based on the previously specified result location, the function allows selection of the nodes or 
elements on the to -model to which the result is to be interpolated. 

4. The maximum projection distance and resulting analysis set file, step, increment, and set name are 
specified. 

Interpolation to nodes 

The function to interpolate results to nodes allows selection of the centroidal or element nodal results to 
which the function is to be applied. The result is computed by averaging the result from connected 
elements. 

Interpolation to element centroids 

The function to interpolate results to element centroids allows selection of the nodal or element nodal 
results to which the function is to be applied. Interpolation is performed using the element shape functions 

Average results on elements at nodes 

The function to average results allows selection of the centroidal or element nodal results to which the 
function is to be applied. The function computes the average result for connected elements with the same 
material ID. Since the elements to which the node is connected may have different material IDs, the result 
is stored as an element nodal result. 
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Result Display 



Deformed Geometry 
Result 

The Result tab allows the user to select a specific set of displacement results by its set id. When deforming 
a CAXA model the user can specify the CAXA angle. The title edit box gives the user the opportunity to 
customize the title that will appear on the screen above the deformed geometry. 

Deformation 

The Deform tab allows the user to specify a scaling factor for the deformed geometry. The user may 
specify an actual scale factor or a percent factor based on the view. 

The actual multiplication factor scales the deformation by directly multiplying the factor and 
deformation. The percent of view factor scales the deformation according to the given percent of the 
view. 

Display 

The Display tab allows the user to modify the display of the deformed geometry. These modifications 
include line style, display type, and color. 

The multiple color option will use the default color of the model. 

The single color option will allow the user to select a color from the color dialog. 

When in the single color option, the color dialog is activated by pressing the color button. 

Undeformed 

The Undeformed tab allows the user to modify the display of the undeformed geometry. These 
modifications include line style, display type, and color. 

The multiple color option will use the default color of the model. 

The single color option will allow the user to select a color from the color dialog. 

When in the single color option, the color dialog is activated by pressing the color button. 
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Contour Plots 
Result 

The Result tab allows the user to select a set of results for display. The user will specify a result type, a set 
of results and the component of the result to be displayed. When contouring a CAXA model the user can 
specify the CAXA angle. The user can also specify if they would like to average the results for the same 
materials in order to create a smoother contour between elements. The title edit box gives the user the 
opportunity to customize the title that will appear on the screen above the contour plot. 

Legend 

The Legend tab allows the user to specify the number of contour levels to display and their range. The user 
is given the minimum and maximum result values and an optimized estimate of the number of levels and 
range. The user can modify the number of levels or the range and increment. The user can enter an actual 
range or increment or a percent of the range or increment. 
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APPENDIX II 

The compact disk attached to the specification and incorporated into the 
specification by express reference as if fully set forth herein comprises computer 
software and a computer program listing appendix according to a presently preferred 
system embodiment and method of the invention. This computer software comprises 
FEM Builder, which has been built by engineers at Thiokol Propulsion of Brigham 
City, Utah. The FEM Builder software operates according to the principles of the 
invention to accomplish coupling of multiple finite analysis programs through the use 
K of a graphical user interface and/or a scripting language. 

i 




APPENDIX III 

The following pages comprise a computer program listing appendix in the form 
of printouts of the file names and directories contained on the compact disk that 
comprises Appendix II of this specification. Included are directories and 
subdirectories, file and directory names, file types, file sizes in bytes, and creation 
dates. 



' ];Ccm i 
Q'c'dca 

JjFEM Builder 1.2 
Si Recess 
Jnst32i.ex_ 
3jsdel.exe 
] _setup.dll 
l_sys1.cab 
I_user1.cab 
Q Data, tag 
Hdatal.cab 

§lang.dat 
&\ layout, bin 
sj] Mscreate.dir 
"Qos.dat 
fH py152.exe 
fjjfj setup.bmp 
i|§ Setup.exe 
@§ Setup.ini 
^Setup.lns 
Pi setup, lid 
Swin32all-125.exe 



File Folder 
File Folder 
File Folder 
File Folder 
294KB EX_ File 
8KB Application 
1 1 KB Application E xtension 
187KB Cabinet 
50KB Cabinet 
1KB TAG File 
129KB Cabinet 
5KB Movie Clip 
1KB BIN File 

0KB Macromedia Director. . 
1KB Movie Clip 
4,911KB Application 
81KB Bitmap Image 
59KB Application 
1 KB Configuration S ettings 
58KB I nternet CommunicatL . . 
1KB LID File 
2,953KB Application 



9/21/01 9:21 AM 
9/21/01 9:21 AM 
9/21/01 9:21 AM 
9/21/01 9:21 AM 
11/13/97 4:05 PM 
11/19/97 4:05 PM 
11/19/97 4:08 PM 
9/21/01 8:29 AM 
9/21/01 8:29 AM 
9/21/01 8:29 AM 
9/21/01 8:29 AM 
5/30/3711:31 AM 
9/21/01 8:29 AM 
9/26/0012:45 PM 
5/G/97 215PM 
7/1 G/99 10:54 AM 
9/17/01 11:32 AM 
11/19/97 4:09 PM 
9/21/01 8:29AM 
9/21/01 8:28 AM 
9/21/01 8:29 AM 
2/22/0010:51 AM 
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Exploring - D:\CCM 




ElCCM.bal j 
O'cCM'exe' 
| CCMUser.doc 
ICCMW.exe 



2KB MS-DOS Batch File 

365KB Application 

19KB Microsoft Word Doc... 

276KB Application 



9/19/01 3:08 PM 
8/9/01 11:00 AM 
9/19/01 9:35 AM 
9/19/01 2:56 PM 




Exploring - D:\CDCA 




•••• mwM-'f^\'^&&p^ 





OEJCDCA.bat I 

JCDCAUser.doc 
CDCAW.exe 



Type j Modified 



2KB MS-DOS Batch File 

545KB Application 

19KB Microsoft Word Doc... 

72KB Application 



9/19/01 2:56 PM 
7/25/01 1:20 PM 
9/19/01 9:34 AM 
9/19/01 2:56 PM 



m Exploring - D:\FEM Builder 1.2 



mm 




□jboc] 

CJ Python 
0l Source 
& Test 
<||j error.wav 
^Fern.exe 
0FEM.pyd 

f|j FemB uilderl nstallationlnstructions.doc 



25KB 
4,365KB 
1,852KB 
273KB 



File Folder 9/21/01 9:21 AM 

File Folder 9/21/01 9:21 AM 

File Folder 9/21/01 9:21 AM 

File Folder 9/21/01 9:21 AM 

Wave9ound 8/3/96 1.00 AM 

Application 9/21/01 8:21 AM 

PYDFile 9/21/01 8:18 AM 
Microsoft Word Doc... 9/19/01 3:17 PM 



\TJ*> 



fig Exploring - D:\FEM Builder 1.2\Doc 














m > :mmmmm 

I'fii SID ■ 

P^ilHll 


wmsmmmm 




Hi W W i'^iM 




EH 



| Modified 1 



Name 



QiTestj 
ser 

| CD A Problem-Change Report, dot 
j CDA Product Evaluation. dot 



File Folder 9/21/01 9- 21 AM 

File Folder 9/21/01 9:21AM 

40KB Microsoft Word Tern... 9/18/01 7:25 AM 

38KB Microsoft Word Tern... 9/1 8/01 7:25 AM 



if Exploring - D:\FEM Builder 1 2\Doc\T est 




QFEMBuilderTestCoincidentNodeJ.doc 
ftFEMBuilderTestConstrain2dJ.doc 
f§) FE M B uilderT estConstrain2d_2. doc 
Wi FEMBuilderTestConstrain2d_3.doc 
FEMBuilderTestConstrain3d_1 .doc 
fl| FE M B uilder T estConstr ain3d_2. doc 
^FEMBuilderTestConstrain3d_3.doc 
fl FE M B uilderT estCopy PrintJ .doc 
f§ FEMBuilderTestC0p5Aint_2.doc 
Q FE M B uilderT estCreateB C_1 . doc 
U FEMBuiiderTestCreateBCJ O.doc 
f| FEMBuiiderTestCreateBCJ 1 .doc 
f||FEMB uilderT estCreateB C_1 2. doc 
f| FE M B uilderT estCreateB C J 3. doc 
"f||FEMB uilderT estCreateB C_2. doc 
flFEMBuilderTestCreateBC_3.doc 
f§| FE M B uilderT estCreateB C_4. doc 
fj FE M B uilderT estCreateB C_5. doc 
1|FEMB uilderT estCreateB C_G. doc 
ft) FEMBuilderTestCreateBC_7.doc 
flFEMBuilderTestCreateBC_8.doc 
f 7 ! FEMBuilderTestCreateBC_9.doc 



168KB 
43KB 
79KB 
76KB 
77KB 

117KB 
91KB 

102KB 
96KB 
28KB 

111KB 
49KB 
49KB 
93KB 
56KB 
41KB 
39KB 
38KB 
47KB 
39KB 
41KB 
40KB 
48KB 



Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc. . 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 



9/18/01 7:09 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/20/01 10:33 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/20/01 10:38 AM 
9/18/01 7:09 AM 
9/18/01 7:09 AM 
9/20/01 10:38 AM 
9/18/01 7:09 AM 
9/18/01 7.09 AM 
9/20/01 10:38 AM 
9/18/01 7:09 AM 
9/18/01 7:09 AM 
9/20/01 10:38 AM 
9/18/01 7:09 AM 
9/18/01 7:09 AM 
9/13/01 7:09 AM 



lii 



IK 



Exploring D:\FEM Buildei 1.2\Doc\Test 




Name : 




W\ FEMB uilderT estCreateChemReaction_1 .doc 
FE M B uilderT estQeateG eometry Jl . doc 
FE M B uilderT estQeateG eometry_2. doc 
FEMBuilderTestQeateGeometry_3.doc 
§ FE M B uilderT estCr eateG eometryjt. doc 
5 FE M B uilderT estQeateG eometry_5. doc 
fl) FE M B uilderT estQeateG eometryJB. doc 
f| FE M B uilderT estQeatel C J . doc 

FE M B uilderT estQeateSystem_1 . doc 
__ FE M B uilderT estD ef or mj . doc 
flFEMBuilderTestDeform_2.doc 
H FEMBuilderTestDeform_3.doc 
f] FE M B uilderT estD eleteB Cs J . doc 

FEMBuilderTestDeleteMateriaM.doc 
^ FEMBuilderTestDelefceSystemJ.doc 
9 FEMBuilderTestDistortionCheck2dJ .doc 
lFEMBuilderTestDistortionCheck3d_1.doc 
|| FemB uilderT estE difcB CColoM . doc 
lFEMBuilderTestEdftCurve_1.doc 
_|FEMBuilderTestEditCurve.2.doc 
QFEMB uilderT estE ditE lementj ■ doc 
f§|FEMB uilderT estE ditE iementO Mentation J . doc 
FEMB uilderT estE ditE IementO rientation 2. doc 



32KB 
130KB 
108KB 
109KB 
109KB 
148KB 
59KB 
106KB 
44KB 
39KB 
40KB 
37KB 
412KB 
3BKB 
73KB 
56KB 
66KB 
28KB 
87KB 
128KB 
69KB 
76KB 
118KB 



Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc. 



9/18/01 
9/18/01 
3/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 



7:09 AM 
7:09 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10AM 
12:26 PM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10AM 
12:26 PM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 



ill 



J 





HFEMBuilderTestEditMeshAttribuleJ.doc 
QFEMBuilderTestEditNodeJ.doc 

FE M B uilderT estE ditWorkplaneJ . doc 
§FEMBuilderTestEditWofkplane_2.doc 
|§| FE M B uilderT estE xecuteAbaqusJ . doc 
FEMBuilderTestExecuteCCM_1 .doc 
FEMBuilderTestExecuteCDCAJ .doc 
FE M B uilderT estE xecuteFluenH . doc 
g FEMBuilderTestExecuteRecess_J.doc 

FE M B uilderT estFemCreate_1 .doc 
fllFEMBuilderTestFemCreateGroup.doc 

FEMBuilderTestFernDeleteJl.doc 
flFEMBuilderTestFemDelete_2.doc 
flFEMBuilderTestFernEditColorJ.doc 
^ FemB uilderT estFracture_1 .doc 
U FemB uilderT estFracture_2. doc 
f|] FemBuilderTestFracture_3.doc 
* ||| FemBuilderTestFracture_4.doc 
ft) FE M B uilderT estG eometryCreateG roup, doc 
f§| FEMBuilderTestGeometryDeleteJ .doc 
^ FEMBuiiderTestGeometryEditColor_1.doc 
f§ FemB uilderT estHelp J .doc 
Tl FEMBuilderTestlnsertFlaw2DJ doc 
10 object) " 



37KB 
68KB 
32KB 
42KB 
36KB 
32KB 
33KB 
37KB 
33KB 
80KB 
49KB 
93KB 
36KB 
91KB 
105KB 
65KB 
71KB 
112KB 
55KB 
154KB 
175KB 
23KB 
77KB 



Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
M icrosof fc Word D oc. . . 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 
Microsoft Word Doc... 



9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 



7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7.10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
7:10 AM 
710AM 
7:10 AM 
7:10 AM 



mm 




Exploring - D:\FEM Builder 1.2\Doc\Test 




S3 

¥ 1 

in 



]FEMBui)derTestlnsertFlaw2D_2.doc 
W]FEMB uilderT estl nterf aceAbaqus_1 . doc 
fljFEMB uilderT estl nterf aceAbaqus_2. doc 

FE MB uilderT est! nterf aceAnsys_1 .doc 
ft] FE M B uilderT estl nterf aceAnsys_2. doc 
fU FE M B uilderT estl nterf aceAschaM . doc 
lljFEMB uilderT estl nterf aceAscharJ?. doc 
Q FEME uilderT estl nterf aceFemDBJ .doc 
f|]FEMB uilderT estl nterf aceFerinD B_2. doc 
fl) FE M B uilderT estl nterf aceFluenM . doc 
™ FEM BuilderTestl nterf aceFluent_2. doc 
||| FE M B uilderT estl nterf aceG ridG en_1 . doc 
fljFEM BuilderTestl nterf aceG ridG en_2. doc 
f§f]FEMB uilderT estl nterf acel deas_1 . doc 
ffjFEMB uilderT estl nterf acel deas__2 doc 
f§| FE M B uilderT estl nterf aceM aterialProperty J . doc 
Hi FE M B uilderT estl nterf acePatran J . doc 
QFEMBuilderTestlnterfaceRdCCMJ.doc 
^FEMBuilderTestlnterfaceRdCCM^Zdoc 
fjjFEMB uilderT estl nterf aceR dCD CA J . doc 
fll FEME uilderT estl nterf aceR dCD CA_2. doc 
fjj FE M B uilderT estl nterf aceR dR ecessj -1 0. doc 
f§| FEMBuilderTestlnterfaceRdSharp_1 doc 



G9KB 


Microsoft Word Doc... 


9/18/01 7-10AM 




30KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 


ft 


28KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




73KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




44KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




100KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




51KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




28KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 


A 

: 


27KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 


IS 


31KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




98KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 




28KB 


Microsoft Word Doc... 


9/18/01 7:10 AM 


Si- 


36KB 


Microsoft Word Doc... 


9/18/01 7:10AM 


ll; 


44KB 


Microsoft Word Doc... 


9/18/01 7:11AM 




29KB 


Microsoft Word Doc... 


9/18/01 7:11AM 


SI 


29KB 


Microsoft Word Doc... 


9/18/01 7:11AM 




46KB 


Microsoft Word Doc... 


9/18/01 7:11AM 




30KB 


Microsoft Word Doc... 


9/18/01 12:26 PM 




31KB 


Microsoft Word Doc... 


3/18/01 12:26 PM 




30KB 


Microsoft Word Doc... 


9/18/01 12:26 PM 


31KB 


Microsoft Word Doc. 


9/18/01 12:26 PM 




36KB 


Microsoft Word Doc... 


9/18/01 7:11AM 




42KB 


Microsoft Word Doc... 


9/18/01 12:26 PM 





1 3>v 



E xploring - D:\FE M Builder 1 ; ■ 2\D ocVTest 



mm 




§]FEMB uilderT estl nterf aceR dS harp_2. doc 
^FEMBuilderTestlnterfaceRdSharp.S.doc 
f§| FE M B uilderT est! nterf aceR dS harp_4. doc 
FE M B uilderT estl nterf aceR dS inda_1 . doc 
*§D FE M B uilderT estl nterf aceR dS inda_2. doc 
fll FE M B uilderT estl nterf aceR dT exChem_1 doc 
f§j FE M B uilderT estl nterf aceR wR ecess J . doc 
f5) FE M B uilderT estl nterf aceR wR ecess_Z doc 
"^j FE M B uilderT estl nterf aceR wR ecess_3. doc 
fj] FE M B uilderT estl nterf aceR wR ecess_4. doc 
U FE M B uilderT estl nterf aceWrCCMJ .doc 
^FEMBuilderTestlnterfaceWrCCM^Zdoc 
flFEMBuilderTestlnterfaceWrCDCAJ.doc 
H)FEM B uilderT estl nterfaceWrCD CA_2. doc 
f|]FEMB uilderT estl nterf aceWrR ecess_1 . doc 
f§) FE M B uilderT estl nterf aceWrR ecess_2. doc 
FE M B uilderT estl nterf aceWrR ecess_3. doc 
Q FE M B uilder T estl nterf aceWrR ecess_4. doc 
ftj FE M B uilderT estl nterf aceWrR ecess J5. doc 
ffjFEMB uilderT estl nterf aceWrS indaj doc 
^ FE M B uilderT estl nterf aceWrS inda_2. doc 
Hj FE M B uilderT estl nterf aceW rT exChem_1 .doc 
| FernB uilderT estl nterpolateR esub_1 . doc 




42KB 
42KB 
99KB 
28KB 
28KB 
27KB 
31KB 
33KB 
34KB 
34KB 
30KB 
31KB 
30KB 
30KB 
32KB 
41KB 
41KB 
45KB 
46KB 
28KB 
28KB 
28KB 
50KB 



Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 
Microsoft Word 



Doc... 
Doc. 
Doc... 
Doc... 
Doc... 
Doc. 
Doc... 
Doc... 
Doc... 
Doc... 
Doc... 
Doc... 
Doc... 
Doc... 
Doc. . 
Doc... 
Doc. 
Doc. 
Doc. 
Doc, 
Doc- 
Doc, 
Doc. 



9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 



12:26 PM 
12:26 PM 
12:26 PM 
7:11AM 
7:11AM 
7:11AM 
12:26 PM 
12:26 PM 
12:26 PM 
12:26 PM 
7:11 AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 
7:11AM 



81 



111 



Exploring - D:\FEM Builder 1.2\Doc\Test 




fljFEMBuilderTestLisLl.doc 
~~| FEMBuilderTeslList_2.doc 
|FEMBuilderTeslisL3.doc 
jFEMBuilderTestListBC_1.doc 
flFEMB uilderT eslistBC_2. doc 
lj FEME uilderT estMaterialPropertiM .doc 
ff|FEMB uilderT estM aterialProperty_2. doc 
?r) FE M B uilderT estM aterialProperty_3. doc 
1 FEMBuilderTestMesh2dJ -1 2.doc 
§ FE MB uilderT estMesh2d_1 3. doc 
1 FE M B uilderT estM esh3d_1 3. doc 
lFEMBuiiderTestMesh3dJ4.doc 
jFEMBuilderTestMesh3dJ-8.doc 
llFEMBuilderTestModeM.doc 
llFEMBuilderTestModelSweep_1.doc 
5 FE M B uilderT estM odelS we ep_2. doc 
U FE M B uilderT estM odelS weepj. doc 
H FEMBuilderTestModelSweep_4.doc 
W|FEMB uilderT estM o veCopyJ . doc 
flFEMB uilderT estM o veCopy J 0. doc 
fljFEMBuilderTestMoveCopy_11.doc 
||FEMBuilderTe$tMoveCopy_2.doc 
f§| FE M B uilderT estM oveCopy J3. doc 



34KB Microsoft Word Doc... 

44KB Microsoft Word Doc... 

37KB Microsoft Word Doc... 

111KB Microsoft Word Doc... 

52KB Microsoft Word Doc... 

38KB Microsoft Word Doc... 

2GKB M icrosof t Word D oc. . . 

23KB Microsoft Word Doc... 

280KB Microsoft Word Doc... 

133KB Microsoft Word Doc... 

107KB Microsoft Word Doc... 

10GKB Microsoft Word Doc... 

310KB Microsoft Word Doc... 

256KB Microsoft Word Doc... 

G9KB Microsoft Word Doc... 

62KB Microsoft Word Doc... 

49KB Microsoft Word Doc... 

62KB Microsoft Word Doc... 

55KB Microsoft Word Doc... 

63KB Microsoft Word Doc... 

52KB M icrosof t Word D oc, . 

57KB Microsoft Word Doc... 

56KB M icrosof t Word D oc. . . 



9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 
9/18/01 



7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

7:11AM 

12:26 PM 

7:11AM 

12:26 PM 

12:26 PM 

12:26 PM 



ill 



Name 



Size | Type 1 Modified ,. 



FEMBuilderTestMoveCopy_4.doc 
ft) FEMBuiiderTestMoveCopy_5.doc 
f| FEMBuiIderTestMoveCopy_6.doc 
QFEMBuilderTestMoveCopy_7.doc 
FEMBuilderTestMoveCopy_8.doc 
FE M B uilderT estM o veCopy_9. doc 
flj FemB uilderT estPostA verageR esult. doc 
U FE M B uilderT estPostContourJ . doc 
QFEMBuilderTestPostContour_2.doc 
FEMBuilderTestPostDefornn.doc 
FEMB uilderT estPostResultsJ doc 
FEMB uilderT estPostR esults_2. doc 
FEMBuilderTestPostResults_3.doc 
flFEMBuilderTestPostResults_4.doc 
QFEMBuilderTestPostResults_5.doc 
fj FEMBuilderTestPostVector.doc 
Q FemBuilderTestPostWPIoM .doc 
U FemBuilderTestPoslXYPioL2.doc 
H FemBuilderTestPostXYPIoL3.doc 
H FemBuilderTestPosWPIofc_4.doc 
^ FemBuilderTestPoslXyPloL5.doc 
f| FemBuilderTestPosWPIoL6.doc 
^FemBuilderTestPosWPIoL7-doc 



GOKB Microsoft Word Doc... 

56KB Microsoft Word Doc... 

67KB Microsoft Word Doc... 

84KB Microsoft Word Doc... 

53KB Microsoft Word Doc... 

50KB Microsoft Word Doc... 

80KB Microsoft Word Doc... 

97KB Microsoft Word Doc... 

32KB Microsoft Word Doc... 

41KB Microsoft Word Doc... 

4GKB Microsoft Word Doc... 

33KB Microsoft Word Doc... 

23KB Microsoft Word Doc... 
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js) CreateConstraintD Ig h 
m\ CreateCurveO ffsetD Ig. cpp 
3 CreateCurveO ffsetD Ig.h 
ig] CreateGroupD Ig.cpp 
S| CreateGroupD !g h 
saj Deatel nitialConditionsD Ig. cpp 
«] Createl nitialConditionsD Ig.h 



11KB 


H File 


9/17/01 11:31AM 


22KB 


CPP File 


9/17/01 11:31AM 


9KB 


H File 


9/17/01 11:31AM 


11KB 


CPP File 


9/18/01 12:26 PM 


4KB 


H File 


9/17/01 11:31AM 


6KB 


CPP File 


9/17/01 11:31AM 


3KB 


H File 


9/17/01 11:31AM 


9KB 


CPP File 


9/17/01 11:31 AM 


3KB 


H File 


9/17/01 11:31AM 


5KB 


CPP File 


9/17/01 11:31AM 


2KB 


H File 


9/17/01 11:31AM 


3KB 


CPP File 


9/17/01 11:31 AM 


2KB 


H File 


9/17/01 11:31 AM 


10KB 


CPP File 


9/17/01 11:31AM 


3KB 


H File 


9/17/01 11:31AM 


9KB 


CPP File 


9/17/01 11:31 AM 


4KB 


H File 


9/17/01 11:31AM 


6KB 


CPP File 


9/17/01 11:31AM 


3KB 


H File 


9/17/01 11:31AM 


9KB 


CPP File 


9/17/01 11:31 AM 


3KB 


H File 
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22KB 


CPP File 
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HFile 
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^ CreateLineDlg.h 
2|QeateNodeDlg.cpp 
^] CieateNodeDlg.h 
»] CreatePointBetweenDlg.cpp 
H CreatePointB etweenD Ig. h 
3} QeatePointCoordinateDlgxpp 
m\ CreatePointCoordinateDlg.h 
5*) CreatePointOnCurveDlg.cpp 

CreatePointO nCur veD Ig. h 
&\ CreateS plineDlg. cpp 
ss] CreateS plineDlg.h 
&\ CreateSurfaceBoundaryDlg.cpp 
^ CreateSurfaceBoundaryDlg.h 
m\ CreateSurfaceExtrudeDlg.cpp 
s*j CreateS urf aceE xtrudeD Ig. h 
: a\ CreateS urf aceR evolveD Ig. cpp 
3j| CreateS urf aceR evolveD Ig. h 
m\ CreateS urfaceSweepDIg. cpp 
55] CreateS urf aceS weepDIg.h 
CreateSystemDlg cpp 
CreateSystemDIg.h 
CreateVolumeBoundar^Dlg.cpp 
CreateVolumeBoundaryDlg.h 
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12KB 
3KB 
6KB 
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15KB 
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18KB 
3KB 
8KB 
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7KB 
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2KB 



H File 
CPP File 
HFile 
CPP File 
HFile 
CPP File 
H File 
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HFile 
CPP File 
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CPP File 
HFile 
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HFile 
CPP File 
HFile 
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HFile 
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3] CreateVolurneExtrudeDlg.cpp 
») CreateVolumeExtrudeDlg.h 
3 CreateVolumeRevolveDlg.cpp 
2| CreateVolumeRevolveDlg.h 
3jj CreateVolumeSweepDIg.cpp 
g| Cr eateVolumeS weepD Ig. h 
jjjg| CWizardPage.cpp 
^ CWizardPage.h 

CWizardSheet cpp 
^CWizardSheelh 
s§DefineVectorDlg.cpp 
3 DefineVectorDIgh 

DeformMeshDIg.cpp 
«|DeformMeshDlg.h 
»] D isplayO ptionD Ig. cpp 
gDisplayOptionDlg.h 
||EditBCCo[orDlg.cpp 

EditBCCoiorDlg.h 
S]EdftColorPS.cpp 
3) EditColorPS.h 
m\ E ditCurveS plitD Ig. cpp 
Q E dUCur veS plitD Ig. h 
Q EditCuryeSubdivisionDlg.cpp 
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10KB 
3KB 
2KB 
2KB 
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2KB 
10KB 
2KB 
14KB 
3KB 
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H File 
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E ditCurveSubdivisionD Ig. h 
m\ EditCurveTrirnDlg.cpp 
gaj EditCurveTrimDlg.h 
sa] E diElementAttributesD Ig. cpp 
g| E ditE iementAttributesD Ig. h 
^EditElementDlg.epp 
g|EditElementDlg.h 
^EditElementOrientDlg.cpp 
<*] E ditE lementO nentD Ig. h 
aa]EditGravityDlg.cpp 
SjEditGravityDlg.h 
=*] E ditM eshAttributeD Ig. cpp 
*) EditMeshAttfibuteDlg.h 
m\ E ditM uitipleE lementsD ig. cpp 
jaj E ditM ultipIeE lementsD lg. h 
»)EditNodeDlg.cpp 
g:EditNodeDlg.h 
^ EditNodeDSystemDIg.cpp 
Q EditNodeDSystemDIg.h 
Q EditWorkPlaneDlg.cpp 
Q EditWorkPlaneDlg.h 
Q EditWorkPlaneMoveDlg.cpp 
EditWorkPlaneMoveDlg.h 




3KB 
9KB 
3KB 
14KB 
4KB 
13KB 
4KB 
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15KB 
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H File 
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error.wav 
a] ExecuteAbaqusDIg.cpp 
»] E xecuteAbaqusD Ig. h 
ss] ExecuteFluentDlg.cpp 
^ExecuteFluentDlg.h 
3} E xecuteParameterPP. cpp 

E xecuteParameterPP. h 
s*]Fem.aps 
g| Fern, cpp 
&\ Feradsp 
sgj Feradsw 
3 Fern, h 
i]Fem.rc 
g| FemD oc. cpp 

FemDoc.h 
^ FemD ocB lank, cpp 
2] FemD ocQeateB C. cpp 
aa] FemD ocD eiete. cpp 
j»| FemD ocEditBC. cpp 
QFemDocFEM.cpp 
3| FemD ocG eometry . cpp 
m\ FemD ocl interfaces, cpp 
s«l FemD ocList. cpp 
tobiect(s) 
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H File 
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APS File 
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CPP File 


9/20/01 11:07 AM 
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DSP File 
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DSW File 
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3KB 


H File 


9/20/01 10:37 AM 


353KB 


RC File 
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44KB 


CPP File 
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H File 
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CPP File 
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CPP File 
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Ifl Modified S 



^] FemD ocM atProp. cpp 
s| FemD ocOrient cpp 
g§ FemD ocPost. cpp 
^] FemD ocTooIs. cpp 
m\ FemUserMessages.h 
2! FemView.cpp 
m\ FemView.h 
se] FilterO ptionsD Ig. cpp 
FilterOptionsDIg.h 
FlowM odelParameters. cpp 
|j} FlowModelParameters.h 
»j FractureMechanicsDIg.cpp 

FractureM echanicsD Ig. h 
^ G PropertyS heetFua cpp 
a| GPropertySheetFun.h 
3lnsert2DFIawDlg.cpp 
5jlnsert2DFIawDlg.h 
&\ I nsert2D FlawE HipseD Ig. cpp 
3lrisert2DFIawEllipseDlg.h 
m\ Interface. cpp 
§jy Interfaced 

B] I nterpolateProjectionD Ig. cpp 
I nterpolateProjectionD Ig. h 

::20obiect( S ] 



6KB 
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5KB 
4KB 
2KB 
3KB 
1KB 

15KB 
5KB 
8KB 
2KB 

41KB 
3KB 
9KB 
3KB 



CPP File 
CPP File 
CPP File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/21/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9717/01 
9/17/01 
9/17701 
9/17/01 
9/17701 
9/17/01 
9/17/01 
9717701 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:31 AM 
11:31 AM 
11:31 AM 
11:31AM 
11:31 AM 
7: OGAM 
11:31AM 
11:31AM 
11:31AM 
11:31AM 
11:31AM 
11:31AM 
11:31 AM 
11:31 AM 
11:31 AM 
11:31AM 
11:31AM 
11:31AM 
11:31AM 
11:31 AM 
11:31AM 
11:31AM 
11:31 AM 



, f :::V 
■:>: : ? : 

11 



IS 

mi 




□ 



Exploring - D:\FEM Builder 1.2\Source\FemBuilder 




=*] listFiieDlg.cpp 
glistFileDlg.h 
sa| ListR esuitValuesD Ig. cpp 
^ ListR esultValuesDlg.h 
gi| MainFrnicpp 

MainFrm.h 
g} MaterialPropertyDIg.cpp 
^ MaterialPropertyDlg.h 
g| MeshDIg.cpp 
^MeshDIg.h 
3) ModelFileNamePP.cpp 
gModeiFileNarnePP.h 
g|ModeilnfoDlg.cpp 
^ Model! nfoDlg.h 
m\ M oveCopy D Ig. cpp 
g MoveCopyDlg.h 
§j OptionsDIg cpp 

DptionsDIg.h 
asjOrientViewDlg.cpp 
^OrientViewDlg.h 

PostConlourDlg.cpp 
m\ PosContourDIg.h 
gj| PostDeformedDlg.cpp 



5KB 


CPP File 


9/17/01 11:31 AM 


2KB 


H File 


9/17/01 11:31 AM 


7KB 


CPP File 


9/17/01 11:31AM 


3KB 


H File 


9/17/01 11:31AM 
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CPP File 


9/20701 10:37 AM 


3KB 


H File 


9/17701 11:31 AM 
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CPP File 


9/17701 11:31AM 


5KB 


H File 


9/17/01 11:31AM 
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CPP File 


9/17/01 11:31AM 


10KB 


H File 


9717701 11:31 AM 


12KB 


CPP File 


9717701 11:31 AM 


4KB 


H File 


9/17701 11:31 AM 


17KB 


CPP File 
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6KB 


H File 


9/17/01 11:31AM 
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CPP File 


9717701 11:31 AM 


10KB 


H File 


9/17701 11:31 AM 


21KB 


CPP File 
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9KB 


H File 
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PostDeformedDlg.h 

PostDlg.cpp 

PostDlg.h 

PostVectorDlg.cpp 

PostVectorDlg.h 

PostView.cpp 

PostView. h 

PostXYAnalysisR esultD Ig. cpp 
PostXTAnalysisResultDlg.h 
PostWPIokParmDig.cpp 
Pos(XYPIotParmDlg.h 
Pos&CiPlotView.cpp 
PosWPIotView.h 
PostXfT imeH istory D ig. cpp 
PosDCr'TimeHistoriiDig.h 
ReadAbaqusDIg.cpp 
ReadAbaqusDIg.h 
ReadAnsysDIg.cpp 
ReadAnsysDIg.h 
ReadAscharDlg.cpp 
ReadAscharDlg.h 
ReadCCMDIgcpp 
ReadCCMDIgh 



3KB 


H File 


9717701 11:31AM 


33KB 


CPP File 


9721701 7:06 AM 


11KB 


H File 


9717701 11:31 AM 


17KB 


CPP File 


9717701 11:31 AM 


4KB 


H File 


9717701 11:31 AM 
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CPP File 


9717701 11:31 AM 


4KB 


H File 


9717701 11:31 AM 
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CPP File 


9717701 11:31 AM 


7KB 


H File 


9717701 11:31 AM 


35KB 


CPP File 


9717701 11:31 AM 


9KB 


H File 


9717701 11:31 AM 
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CPP File 
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H File 


9717701 11:31 AM 
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CPP File 
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4KB 


H File 
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CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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@ReadCDCADIg.cpp 
Q ReadCDCADIg.h 
Q ReadFluentDlg.cpp 
QReadFluentDig.h 
@ReadGridGenDlg.cpp 
5{ReadGridGenDig.h 
5| ReadldeasMSDIgxpp 
SjjReadldeasMSDIg.h 
j^ReadPatranDlg.cpp 
^ReadPatranDIgh 
m\ ReadRecessDIgcpp 
JjReadRecessDIg.h 
»]ReadSharpDlg.cpp 
3] ReadS harpDlg.h 
|S| ReadSindaDIg cpp 
5} ReadS indaDlg.h 
3J ReadS inGenDlg.cpp 
»j ReadS inGenDlg.h 
SjReadTexChem.cpp 
5!.ReadTexChem.h 



_ RefineMeshAdaptiveDlgxpp 
§ R ef ineM eshAdaptiveD Ig. h 
[Sj RefineMeshSpecifiedDlg cpp 
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CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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^ RefineMeshSpecifiedDlg.h 
s«j resource, fd 
3| resource.h 

m\ R esultl nterpolafcionD !g. cpp 
m\ ResultlnterpolationDIg.h 
mj R esultS uperpositionD Ig. cpp 
m\ Results uperpositionD Ig.h 
m\ SaveViewOrientationDig.cpp 
&\ SaveViewOrientationDIg h 
QSelectBCDIg.cpp 
aJSelectBCDIg.h 
^SelectBCSetsDIg.cpp 
||SelectBCSetsDlg.h 
^SelectCurveDlg.cpp 

SelectCurveDlg.h 
m\ SelectDlg.cpp 
§] SelectDlg.h 
aaj S electE lementD Ig. cpp 
s^S electE iementDlg.h 
||SelectFaceDlg.cpp 
|§SelectFaceDlg.h 
<*] SelectGroupDlg.cpp 
M| S electG roupDlg.h 
* 320obiect(s) 



3KB 


H File 


9/17/01 11:32 AM 


5GKB 


FD File 


9/20/01 10:36 AM 


39KB 


H File 


9/20/01 10:36 AM 


13KB 


CPP File 


9/17/01 11:32 AM 


5KB 


H File 


9/17/01 11:32 AM 


6KB 


CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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H File 


9/17/01 11:32 AM 


9KB 


CPP File 


9/17/01 11:32 AM 


3KB 


H File 


9/17/01 11:32 AM 


9KB 


CPP File 


9/17/01 11:32 AM 


5KB 


H File 


9/17/01 11:32 AM 


13KB 


CPP File 


9/17/01 11:32 AM 


3KB 


H File 


9/17/01 11:32 AM 
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CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 
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CPP File 


9/17/01 11:32 AM 


3KB 


H File 
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j*J SelectMateria!Dlg.cpp 
QSelectMateriaiDIg.h 
3 SelectMateriallDsDig.cpp 
3i|SeledMatenallDsDlg.h 
5| SelectModelDlg.cpp 
S|SelectModelDlg.h 
QSelectNodeDlg.cpp 
"ISelectNodeDlg.h 
] SelectPointDlg.cpp 
SelectPointDlgh 
»j SelectReactionsDIg.cpp 
||SelectReactionsDlg.h 
5]SelectResultDlg.cpp 
^SelectResultDlg.h 
§| S elects peciesDIgxpp 
gj]S elects peciesDIg.h 
§j Selects urfaceByTypeDlg.cpp 
Sj SelectSurfaceByTypeDlg.h 
§S elects urfaceDlgxpp 
3|S elects urfaceDlg.h 
S| SelectSystemDIg.cpp 
^SelectSystemDIg.h 
^ SelectVolumeDlg.cpp 
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8KB 


CPP File 


9/17/01 11:32 AM 


3KB 


H File 


9/17/01 11:32 AM 


3KB 


CPP File 
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H File 
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CPP File 
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H File 
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CPP File 
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H File 
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CPP File 


9/17/01 11:32 AM 
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H File 


9/17/01 11:32 AM 


4KB 


CPP File 


9/17/01 11:32 AM 
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H File 


9/17/01 11:32 AM 


16KB 


CPP File 


9/17/01 11:32 AM 


4KB 


H File 


9/17/01 11:32 AM 


4KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


3KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


10KB 


CPP File 


9/17/01 11:32 AM 


3KB 


H File 


9/17/01 11:32 AM 


6KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


9KB 


CPP File 


9/17/01 11:32 AM 


mm 




rnputer 
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li 
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mil 



... 

Fi!e : 




Name f 



sfljSelectVolumeDIg.h 
§ S rmoothM eshD Ig. cpp 
5|SmoofchMe$hDlg.h 
H SpIashWndcpp 
SplashWndh 
Splsh16.bmp 
gjStdAfx.cpp 
gjStdAfx.h 
QSubModelDlg.cpp 
QSubModelDlg.h 
QSweepDIg.cpp 
QSweepDIg.h 
Q- ThermalAblationDlg.cpp 
@ ThermaftblationDlg.h 
Q TranslateDlg.cpp 
QjranslateDlg.h 
QUnitSystemPP.cpp 
QUnitSystemPP.h 
Q WriteAbaqusD Ig. cpp 
|| WriteAbaqusDIg.h 
QWriteAnsysDig.cpp 

5J WriteCCMDIg cpp 



3KB 


H File 


9/17/01 11:32 AM 


7KB 


CPP File 


9/17/01 11:32 AM 


3KB 


H File 


9/17/01 11:32 AM 


4KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


81KB 


Bitmap Image 


9/17/01 11:32 AM 


1KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


11KB 


CPP File 


9/17/01 11:32 AM 


4KB 


H File 


9/17/01 11:32 AM 


8KB 


CPP File 


9/17/01 11:32 AM 


3KB 


H File 


9/17/01 11:32 AM 


12KB 


CPP File 


9/17/01 11:32 AM 


4KB 


H File 


9/17/01 11:32 AM 


2KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


6KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


18KB 


CPP File 


9/17/01 11:32 AM 


7KB 


H File 


9/17/01 11:32 AM 


2KB 


CPP File 


9/17/01 11:32 AM 


2KB 


H File 


9/17/01 11:32 AM 


8KB 


CPP File 


9/17/01 3:00 PM 



ill 



Si 
mm 

i|3 
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File Edit View Go Favorites Took Help 
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. 

Modified L±J 



QWriteAnsysDIg.cpp 

WriteAnsysDIg h 
g|WriteCCMDIg.cpp 
IfWriteCCMDIg.h 
5|WriteCDCADIg.cpp 
gjWriteCDCADlg.h 
^WriteFluentDlgxpp 
§:WriteFluentDIg.h 
||WriteldeasMSDIg.cpp 
a|WriteldeasMSDIg.h 
gJWritePatranDig.cpp 
sa) WritePatranDlg.h 
Ja] WriteR ecessD Ig. cpp 
§ WriteR ecessDlg.h 
^JWriteSindaDlg.cpp 
s|Wri£eSindaDlg.h 
^ Write!" exChem.cpp 
s»]WriteTexChem.h 
gWPIotParmDIg.cpp 
3><fPlotParmDlg.h 
^WPIotView.cpp 
gWPlotView.h 



I 320 object 



2KB 
2KB 
8KB 
3KB 
8KB 
3KB 

22KB 
3KB 
7KB 
3KB 
6KB 
3KB 

26KB 
7KB 

14KB 
6KB 
7KB 
4KB 

40KB 
9KB 

48KB 
8KB 



CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 
CPP File 
H File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/21/01 
9/17/01 
9/21/01 
9/17/01 



11:32 AM 
11:32 AM 
3:00 PM 
11:32 AM 
3:00 PM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
11:32 AM 
7.06 AM 
11:32 AM 
7:06 AM 
11:32 AM 



. _ ■ 
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..... ~ . . 

File Edit View Go Favo 



. 



Name _ 



S.zelType 



(Si Include 
23 Interfaces 
QFerriLib.dsp 
Q FemLib.dsw 



File Folder 
File Folder 
File Folder 
22KB DSP File 
2KB DSWFile 



.;: zjz. 

M 
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CAblationS^te^cpp 
m\ CAdjacentElementLisLcpp 
m\ CAmplitude.cpp 
"gfCBCcpp 
gjCBCDefaultcpp 
3;CBCR.cpp 
aJCBCSetcpp 
si|CBCV.cpp 

gj CBoundaryNodeLisLcpp 
QcCAXAResultcpp 
ay CCoincidentNode.cpp 
S| CContourPolygon.cpp 
55] CCrack.cpp 
Q CCrackListcpp 
Q CCurveSubdivision.cpp 
Q CEAttrib.cpp 
§§[ CEdgeSubdi visions cpp 
@ CElementcpp 
Q CEquation.cpp 
fa] CFemCurve.cpp 
0 CFernDB.cpp 
Q CFemDBAblationSurface.cpp 
1 Q CFemDB Amplitude, cpp 



2KB 
4KB 
4KB 
2KB 

13KB 
2KB 

35KB 
2KB 
9KB 
5KB 

15KB 
2KB 

27KB 
3KB 
GKB 
5KB 

11KB 

42KB 
4KB 
2KB 

23KB 
3KB 
2KB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11 -37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 



: 1 
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BMjg'J 


Name I 


Size | Type 


,, . - 

j Modified 





@ CFemDBBC cpp 
||CFemDBBCDefaults.cpp 
&\ CFemDB Conventions, cpp 
s|CFemDBCResult.cpp 
ig] CFemDB Curve. cpp 
5J CFemDB Element, cpp 
gj CFemDBEIementOrient.cpp 
s*J CFemD B E quation. cpp 
») CFemDB E Result cpp 
ijg] CFemDB Group, cpp 
ajj CFemD B I nitialConditions. cpp 
2} CFemDBMaterial.cpp 
a) CFemD BMatlD. cpp 
3 CFemDBMesKcpp 
3| CFemDB Node, cpp 
3 CFemDB NResult. cpp 
SrjCFerriDBPrp.cpp 
3 CFemDB PL cpp 
s*] CFemDB Result, cpp 
$5) CFemDB Select, cpp 
^]CFemDBSet.cpp 
&\ CFemDB Subset. cpp 
»3 CFemDB Surface. cpp 



28KB 


CPP File 


9/17/01 11:37 AM 


-St 


3KB 


CPP File 


9/17/01 11:37 AM 




8KB 


CPP File 


9/17/01 11:37 AM 


: : r : . :: \ 


3KB 


CPP File 


9/17/01 11:37 AM 




21KB 


CPP File 


9/17/01 11:37 AM 


17KB 


CPP File 


9/17/01 11:37 AM 




9KB 


CPP File 


9/17/01 11:37 AM 




17KB 


CPP File 


9/17/01 11:37 AM 




3KB 


CPP File 


9/17/01 11:37 AM 




9KB 


CPP File 


9/17/01 11:37 AM 


n 


4KB 


CPP File 


9/17/01 11:37 AM 




7KB 


CPP File 


9/17/01 11:37 AM 


is 


11KB 


CPP File 


9/17/01 11:37 AM 




10KB 


CPP File 


9/17/01 11:37 AM 




6KB 


CPP File 


9/17/01 11:37 AM 


11 


3KB 


CPP File 


9/17/01 11:37 AM 


II 


8KB 


CPP File 


9/17/01 11:37 AM 




4KB 


CPP File 


9/17/01 11:37 AM 




41KB 


CPP File 


9/17/01 11:37 AM 


Mr: 


62KB 


CPP File 


9/17/01 11:37 AM 




9KB 


CPP File 


9/17/01 11:37 AM 




2KB 


CPP File 


9/17/01 11:37 AM 




26KB 


CPP File 


9/17/01 11:37 AM 
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'File Edit View jio Favorites Tools Help 

j 

(a) CFemD B System, cpp 
jay CFemDBVolume.cpp 
j») CFemDO.cpp 
ay CFemGeometrji.cpp 
a]CFemOptions.cpp 
^CFIowModeLcpp 
«] CFractureCCI.cpp 
aS) CFractureCOD.cpp 
«] CFractureJIntegraLcpp 
sSj CFractureJ I ntegralD PE nergyE. cpp 
as] CFractureJ I ntegralD PE nergyl . cpp 
a] CFractureM echanics.cpp 
3 CGPDistortionCheck.cpp 
«|C6 roup, cpp 
ijj Clnsert2DFIaw.cpp 
»§ CI sentropicFlow. cpp 
«]CMesh.cpp 
«]CMesh2D.cpp 
m\ CMesh3D.cpp 
Q CMesh^ttribute.cpp 
Q CMeshElement2D.cpp 
Q CMeshMapped2D.cpp 
l«] CM eshM appedSD .cpp 
1 U3 Ob|eCtliJ 



7KB 
14KB 
GKB 
2KB 
3KB 
9KB 
6KB 
7KB 
21KB 
2KB 
4KB 
2KB 
2KB 
7KB 
41KB 
4KB 
2KB 
24KB 
34KB 
3KB 
13KB 
57KB 
17KB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 



m 



— 



i 



Q CMeshSmooth.cpp 
==«] CM eshT rans3D . cpp 
ajj CMoveCopy.cpp 
m\ CN ode. cpp 

Q-COrientcpp 

■ SjCPlcpp 
g| CQuadrantcpp 
m\ CRefineMeshcpp 
g|CResuItcpp 
saj CSindaAttrib.cpp 
||j CSindaNet work, cpp 
||CSubModeLcpp 
^CSweepModeLcpp 
Q CT hermalAblation. cpp 
Q DrawFem.cpp 
sjj) FernEntityType.cpp 
2l GEIementConfcour.cpp 
|a] GEIementDistortion.cpp 
^GEIementFun.cpp 
3| GEIementGlntcpp 
5| GEIementlnfo.cpp 
g]GE!ernentNC!P.cpp 
QGEIementNCPPcpp 

; ~, - v 

1103 < 



8KB 


CPP File 


9/17/01 11:37 AM 




17KB 


CPP File 


9/17/01 11:37 AM 


ill 


55KB 


CPP File 


9/17/01 11:37 AM 




4KB 


CPP File 


9/17/01 11:37 AM 




2KB 


CPP File 


9/17/01 11:37 AM 


3^ 


2KB 


CPP File 


9/17/01 11:37 AM 




19KB 


CPP File 


9/17/01 11:37 AM 


IS 


87KB 


CPP File 


9/17/01 11:37 AM 




43KB 


CPP File 


9/17/01 11:37 AM 




6KB 


CPP File 


9/17/01 11:37 AM 


39?- 


37KB 


CPP File 


9/17/01 11:37 AM 


Ifi 


15KB 


CPP File 


9/17/01 11:37 AM 




27KB 


CPP File 


9/17/01 11:37 AM 


:;:;.■>■:::,■•■■ 


32KB 


CPP File 


9/17/01 11:37 AM 




25KB 


CPP File 


9/17/01 11:37 AM 




9KB 


CPP File 


9/17/01 11:37 AM 




29KB 


CPP File 


9/17/01 11:37 AM 




9KB 


CPP File 


9717/01 11:37 AM 




16KB 


CPP File 


9/17/01 11:37 AM 




17KB 


CPP File 


9/17701 11:37 AM 




42KB 


CPP File 


9/17/01 11:37 AM 




27KB 


CPP File 


9/17/01 11:37 AM 




10KB 


CPP File 


9/17/01 11:37 AM 


M 
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File 



Edit View 




a) CSweepModel.cpp 
m\ CThermaftblation.cpp 
^ DrawFem.cpp 
|j] FemEntityType.cpp 
g| GEIernentContour.cpp 
3 G E lernentD istortion. cpp 
^GEIernentFun.cpp 
3«]G EiementG Int. cpp 
GEIementlnfo.cpp 
3 GEIementNCIP.cpp 
ijGEIementNCPP-cpp 
^GEIementNCVI.cpp 
^]GElementOfient.cpp 
QGEIementSF.cpp 
Q GEIementSFD.cpp 
QGElementSFDD.cpp 
QGMeshFun.cpp 
Q;GPointFun.cpp 
f|) GRdAnsysRes.cpp 
Q GSindaFun.cpp 
|S| Resultlnterpolation cpp 
Q ResultSuperpositioacpp 



M 


Size 






27KB 


CPP File 




32KB 


CPP File 




25KB 


CPP File 




9KB 


CPP File 




29KB 


CPP File 




9KB 


CPP File 




16KB 


CPP File 




17KB 


CPP File 




42KB 


CPP File 




27KB 


CPP File 




10KB 


CPP File 




13KB 


CPP File 




3KB 


CPP File 




17KB 


CPP File 




33KB 


CPP File 




51KB 


CPP File 




8KB 


CPP File 




2KB 


CPP File 




13KB 


CPP File 




2KB 


CPP File 




23KB 


CPP File 




10KB 


CPP File 



9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 



:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
•37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 
:37 AM 




{ u2» 
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S^biationSurtacah 
|5| CAdiacentElementList.h 
Q CArnpiude.h 
Q CBC.h 
@ CBCDefault.h 
@CBCR.h 
QCBCSeth 
@CBCV.h 

Q CB oundaryN odeList. h 
@CCAXAResult.h 
0 CCoincidentNode.h 
Q CContourPolygon. h 
QcCrack.h 
Q CCrackListh 
Q CCurveSubdivisioah 
gjCEAttrib.h 
|a| CEdgeSubdivisions.h 
Hi CEIement.h 
«] CEquatioah 
«| CFemCutve h 
||CFemDB.h 
3 CFemDBSet.h 
m\ CFemDO.h 



2KB 
2KB 
2KB 
3KB 
9KB 
2KB 
6KB 
1KB 
3KB 
3KB 
3KB 
2KB 
GKB 
2KB 
3KB 
2KB 
3KB 
15KB 
3KB 
2KB 
39KB 
2KB 
3KB 



H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 



9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 
9/17/01 11:37 AM 



II 



< s :';i:: : :< 
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s*j CFernGeometry.h 
.3} CFemOptions.h 
§|CFIowModeLh 
«j CFractureCC! h 
^CFractureCOD.h 
§CFractureJlntegral.h 
a| CFractureJ I ntegralD PE nergyE . h 
3 CFractureJ I ntegralD PE nergy I . h 

CFractureM echanics. h 
^ CGPDistortionCheck.h 
aa] CGroup.h 
g]Clnsert2DFIaw.h 
^CIsentropicFbw.h 
S|CMesh.h 
g]CMe$h2D.h 
3-CMesh3D.h 
gCMeshAKribute.h 
§j CMeshElemenCD.h 
*]CMeshMapped2D.h 
@CMeshMapped3D.h 
^CMeshSmootKh 
si] CM eshS ubdivision. h 
SCMeshj!ans3D.h 



3KB 
3KB 
4KB 
2KB 
2KB 
4KB 
1KB 
3KB 
1KB 
1KB 
4KB 
5KB 
2KB 
3KB 
4KB 
5KB 
3KB 
4KB 
7KB 
4KB 
3KB 
4KB 
5KB 



H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
HFiie 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
HFiie 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 
11:37 AM 



il 
si 



; : : .'• 
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QCMoveCopy.h 
@CNode.h 
|§C0rient.h 
QcQuadrant.h 

CR dCrackCombustionD ata. h 
Q CRefineMesh.h 
@CResult.h 
ffjCSindaAttrib.h 
QcSindaNetwork.h 
§CSubModel.h 
QcSweepModel.h 
Q CThermalAblation.h 
Q CWrCrackCombustionData.h 
QcWrSindaDatah 
@FemEntityType.h 
@ FemStddfrth 
@GEIementContour.h 
Q GEIementDistortion.h 
QGE!ementFun.h 
Q GEiementGlnt.h 
Q GEIementlnfo.h 
QGEIemenfcNCIP.h 
RGEIementNCPP.h 



5KB 


H File 


9/17/01 11 


37 AM 


2KB 


H File 


9/17/01 11 


37 AM 


2KB 


H File 


9/17/01 11 


37 AM 


5KB 


H File 


9/17/01 11 


37 AM 


2KB 


H File 


9/17/01 11 


37 AM 


7KB 


H File 


9/17/01 11 


37 AM 


11KB 


H File 


9/17/01 11 


37 AM 


2KB 


H File 


9/17/01 11 


37 AM 


7KB 


H File 


9/17701 11 


37 AM 


2KB 


H File 


9/17/01 11 


37 AM 


3KB 


H File 


9/17/01 11 


37 AM 


3KB 


H File 


9/17/01 11 


37 AM 


2KB 


H File 


9/17/01 11 


.37 AM 


3KB 


H File 


9/17/01 11 


•37 AM 


GKB 


H File 


9/17/01 11 


:37 AM 


2KB 


H File 


9/17/01 11 


:37 AM 


3KB 


H File 


9/17/01 11 


:37 AM 


2KB 


H File 


9/17/01 11 


:37 AM 


3KB 


H File 


9/17/01 11 


:37 AM 


4KB 


H File 


9/17/01 11 


:37 AM 


3KB 


H File 


9/17/01 11 


:37 AM 


3KB 


H File 


9/17/01 11 


:37 AM 


2KB 


H File 


9/17/01 11 


:38 AM 
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MjGEIementND/l.h 

5jGEIement0rient.h 

gjGEIementSF.h 

SjGEIementSFD.h 

gGEIementSFDD.h 

H GMeshFun.h 

a| GPointFun.h 

sajGRdAnsysRes.h 

sajGSindaFun.h 

mjRdAbaqus.h 

djRdAbaqusFIF.h 

»]RdAbaqusFOF.h 

s^RdAbaquslnput.h 

pR^sysCDB.h 

&\ Rc&nsysRes.h 

=a| RdAscharh 

^RdCCM.h 

QRdCDCA.h 

^RdFemDB.h 

g]RdF!uent.h 

gjRdFluenUIO.h 

^RdGridGeah 

, 72\ , D Aid** *<% M C U 

tart 



2KB 
1KB 
2KB 
3KB 
4KB 
1KB 
1KB 
3KB 
1KB 
6KB 
1KB 
2KB 
3KB 
GKB 
4KB 
5KB 
2KB 
2KB 
2KB 
5KB 
3KB 
2KB 

4VQ 



H File 
H File 
H File 
H File 
H File 
H File 
H File 
HFile 
H File 
HFile 
HFile 
HFile 
H File 
HFile 
HFile 
HFile 
HFile 
HFile 
HFile 
HFile 
HFile 

HFile 

u,c;u 



9/17/01 11:38 AM 
9/17/01 11:33 AM 
9/17/01 11:33 AM 
9/17/01 11:38 AM 
9/17/01 11:33 AM 
9/17/01 11:33 AM 
9/17/01 11:33 AM 
9/17/01 11:33 AM 
9/17/01 11:33 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:33 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:33 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 
9/17/01 11:38 AM 



ff§; 

Will 



m 



[ Exploring - D:\FEM Builder 1_2\5ouice\FemLib\lnclude 




gjRdldeasMS.h 
QRdPatran.h 
QRdRecess.h 
[SjRdSharp.h 
QRdSinda.h 
H RdSinGen.h 
QRdTexChem.h 
|f) RWAbaqus.h 
Q RWAnsys.h 
Q RWldeasMS.h 
@WrAbaqus.h 
QWrAnsysCDB.h 
QWrCCM.h 
QWrCDCA.h 
]WrFemDB h 
j^WrFluent.h 
yjWrldeasMS.h 

JWrPatran.h 
|sft]WrPatranRes.h 

]WrRecess.h 
jfJWrSinda.h 
QWrTeHChem.h 



4KB 

3KB 
3KB 
3KB 
1KB 
1KB 
2KB 
1KB 
2KB 
2KB 
6KB 
3KB 
2KB 
3KB 
2KB 
8KB 
4KB 
3KB 
2KB 
5KB 
2KB 
3KB 



H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 



9^1 7/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:38 AM 
11:33 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:38 AM 
11:33 AM 
11:38 AM 
11:33 AM 



• : : : 

•: ; s:;i.:--; 
ill 




ICR dCrackCombus lionData cpp 
CWrCrackCombusfcionD ata. cpp 
RdAbaqus.cpp 
RdAbaqusFIF.cpp 
RdAbaqusFOF.cpp 
RdAbaquslnputcpp 
RdAnsysCDB.cpp 
RdAnsysRes.cpp 
RdAschar.cpp 
RdCCM.cpp 
RdCDCA.cpp 
RdFemDB.cpp 
RdFluentcpp 
RdFiuenUIO.cpp 
RdGridGeacpp 
RdldeasMS.cpp 
RdldeasMSMaterial.cpp 
RdPatran.cpp 
RdRecess.cpp 
RdSharp.cpp 
RdSindacpp 
RdSinGen.cpp 
RdTexChem.cpp 



4KB CPP File 

2KB CPP File 

38KB CPP File 

2KB CPP File 

GKB CPP File 

45KB CPP File 

64KB CPP File 

35KB CPP File 

21KB CPP File 

4KB CPP File 

4KB CPP File 

43KB CPP File 

46KB CPP File 

23KB CPP File 

6KB CPP File 

49KB CPP File 

27KB CPP File 

29KB CPP File 

37KB CPP File 

27KB CPP File 

5KB CPP File 

4KB CPP File 

15KB CPP File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 



I! 



11 



Exploring - D:\FEM Buildei 1.2\5ource\FemLib\lnterfaees 




1 R dl deasM SM ateriaL cpp 
Jfi] RdPatran.cpp 
&t\ RdRecess.cpp 
j*] RdS harp, cpp 
^RdSinda.cpp 
gi]RdSinGen.cpp 

RdTexChem.cpp 
as] RWAbaqus.cpp 
&\ RV/Ansys.cpp 
QRWideasMS.cpp 
^] WrAbaqus.cpp 
^WrAnsiPsCDB.cpp 
QWrCCMxpp 
QWrCDCAcpp 
QWrFemDB.cpp 
QWrFluentxpp 
3j WrldeasMS.cpp 
y WrldeasMS Material cpp 
Q WrPatran.cpp 
g| WrRecess.cpp 
S| WrSinda.cpp 
WrTexChem.cpp 



27KB 
29KB 
37KB 
27KB 
5KB 
4KB 
15KB 
10KB 
20KB 
19KB 
3GKB 
34KB 
6KB 
12KB 
37KB 
65KB 
44KB 
27KB 
33KB 
35KB 
13KB 
22KB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



3/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



38 AM 
33 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 



tl Exploring - D:\FEM Builder 1 2\Source\FemPython 



1 |? 



mi 
- , . 



J£i^.,_ ...... . 




IMfg ■ 



; — . 



Name 



Modified 



^iFEDoacppj 

gjFEDoc.h 

§FEM.cpp 

&\ FE M_E xtractFileN ames. hpp 
»)FEMJ : EDoc.hpp 
gjFEMJEModel.hpp 
^jFEM_FEModelBC.hpp 
^FEM.FEModelCoIor.hpp 
Q FE M_FE M odelCurve. hpp 
3 FEM^FEModelDelete.hpp 
as] FEM_FEModeIEIementhpp 
FEM^FEModeiEquation.hpp 
3 FEM_FEModelGroup.hpp 
S| FEM_FEModellnterface.hpp 
QFEM_FEModelList.hpp 
U FEMJEModeiMaterial.hpp 
Q FE M_FE M odelM esh. hpp 
Q FEM_FEModelMoveCopv.hpp 
@[ FE M_FE M odeIN ode. hpp 
Q FE M_FE M odelPoint hpp 
Q FE M_FE M odelPostprocessing. hpp 
Q FE M_FE M odeIR egion. hpp 
Ml FE M_FE M odeIR esult. hpp 



1KB 
1KB 
8KB 
4KB 
6KB 

31KB 

32KB 
2KB 

17KB 
3KB 

13KB 
6KB 
3KB 

32KB 
5KB 
3KB 

15KB 

11KB 
7KB 
5KB 

15KB 
2KB 

11KB 



CPP File 
H File 
CPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 



9/17/01 11 
9/17/01 11 
9/19/01 10: 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 



38 AM 
38 AM 
44 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 



- : w 

m> 




1^1 



Hf Exploring - D:\FEM Builder T.2VSouice\FemPython 



J ile .4* ..^ £° ™- 



Name 



Illy 



„ 








FE M _FE M odelS ubM odel. hpp 
FEM_FEModelSurfa.ce.hpp 
FE M_FE M odelS weep, hpp 
FE M_FE M odelSystem. hpp 
FE M_FE M odelT ools. hpp 
FE M_FE M ode Volume, hpp 
FE M_FE Property, hpp 
FE M_FE PropertyG roup, hpp 
FEM_FE Result, hpp 
FEModeLcpp 
FEModeLh 
FEModelBC.cpp 
FEModelColor.cpp 
FEModelCurve.cpp 
FEModelDelete.cpp 
FEModelElementcpp 
FEModelEquation.cpp 
FEModelGroup.cpp 
FEModellnterface.cpp 
FEModelLisLcpp 
FE M odelM aterial. cpp 
FEModelMesh.cpp 
FEModelM oveCopy. cpp 



Size 1 Type 1 Modified 1 ^ 



3KB 
11KB 
2KB 
3KB 
3KB 
9KB 
9KB 
7KB 
15KB 
5KB 
19KB 
39KB 
2KB 
14KB 
3KB 
14KB 
3KB 
5KB 
49KB 
5KB 
1KB 
22KB 
13KB 



HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
HPP File 
CPP File 
H File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 



38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 




I File Edit View Go Favorites loo 




E xploring - D: \FE M B uflder 1 . 2\S our ce\Fe mPylhon 



mwrm 



FEModelMacerial.cpp 
FEModelMeshcpp 
FEModelMoveCopy.cpp 
FEModelNode.cpp 
FEModelPoint.cpp 
FE ModelPostprocessing. cpp 
FEModelRegion.cpp 
FEModelResult.cpp 
FEModelSubModel.cpp 
FEModelSurface.cpp 
FE ModelS weep, cpp 
FEModelSystem.cpp 
FEModelVolume.cpp 
FemPiithon.dsp 
FemPython.dsw 
FE Property, cpp 
FE Property, h 
FEPropertyGroup.cpp 
FEPropertyGroup.h 
FEResultcpp 
FEResulth 
FEStddfah 



1KB 
22KB 
13KB 
7KB 
5KB 
14KB 
2KB 
9KB 
3KB 
11KB 
2KB 
4KB 
8KB 
10KB 
3KB 
4KB 
2KB 
3KB 
1KB 
10KB 
2KB 
1KB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
DSP File 
DSW File 
CPP File 
H File 
CPP Re 
H File 
CPP File 
H File 
H File 



9/1 7/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17701 
9/17701 
9/17701 
9717701 
9717701 
9/17701 



38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 
38 AM 



i| Exploring - D:\FEM Builder 1.2\Source\PythonLib 




Glj Include ! 
||] PythonLib.cpp 
^]P;'thonLib.dsp 



1KB CPPFile 
4KB DSP File 



9/17/01 11:40 AM 
9/17/01 11:40 AM 



Exploring - D:\FEM Builder 1 _2\Source\Py thonLibMnclude 



mm 



Name 



@j Py thonLisfcf qols. hpp j 
@PythonStddfn.h 



19KB HPP File 
1KB H File 



9/17/01 11:40 AM 
9/17/01 11:40 AM 



lis- 



Exploring - D:\FEM Builder 1.2\Source\SciE ngLib 




IJEntityj 
D"EiroT 

(File 
Q Graphics 
3 Include 
□ List 
Q Material 
QMath 
Ql String 
Si Time 
D Units 
|«j SciEngLib dsp 
QSciEngLib.dsw 



1KB 



File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
File Folder 
DSP File 
DSW File 



9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/21/01 
9/17/01 
9/17/01 



9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
9:21 AM 
921 AM 
11:41AM 
11:41 AM 




IK* 



11 Exploring - D:\FEM Builder 1 .2\Source\SciEngLibVEntity 






■lifllll'llftftfflWi 


EM 




Size Type | 


Klfed in 



*)iCCurve.cpp j 


28KB 


CPP File 


9/1 8/01 7-21 AM 


»j CCurveS egment cpp 


14KB 


CPP File 


9/17/01 11 


41AM 


j*] CEdge.cpp 


7KB 


CPP File 


9/17/01 11 


41AM 


ay CEntity.cpp 


3KB 


CPP File 


9/17/01 11 


41AM 


a] ClntersectCurves.cpp 


23KB 


CPP File 


9/17/01 11 


41AM 


gj CNamed.cpp 


2KB 


CPP File 


9/17/01 11 


41AM 


ICPtxpp 


3KB 


CPP File 


9/17/01 11 


41AM 


as] CR elate, cpp 


4KB 


CPP File 


9/17/01 11 


41 AM 


a]CSurface.cpp 


34KB 


CPP File 


9/17/01 11 


41 AM 


«] CS urf aceAnalytic. cpp 


8KB 


CPP File 


9/17/01 11 


41 AM 


i*j CSurfaceBicubic.cpp 


8KB 


CPP File 


9/17/01 11 


41 AM 


<*] CS urfacePatch. cpp 


7KB 


CPP File 


9/17/01 11 


41 AM 


»] CSurfaceR evolve, cpp 


8KB 


CPP File 


9/17/01 11 


41 AM 


«] CS.y stern, cpp 


10KB 


CPP File 


9/17/01 11 


41 AM 


aj CVolume.cpp 


19KB 


CPP File 


9/17/01 11 


41AM 


a| CWorkPlane.cpp 


10KB 


CPP File 


9/17/01 11 


41AM 




Hf Exploring 


- D:\FEM Builder !. 2\Source\SciEngLib\Erroi 




' File Edit 


v,ew Go FavorUe, lools Help 










Name 


Size Ty 


pe | Modified | 



^Fa^ErroNcpp] 1KB CPPFile 9/17/01 11:41 AM 

3FatalEr7oiMFQcpp 1KB CPPFile 9/17/01 11:41 AM 

USciEngError.cpp 1KB CPPFile 9/17/01 11:41 AM 




1^6 



Exploring - D:\FEM Builder 1.2\Source\SciEngLib\File 




QjCCFormatcpp ! 
QCFilelO.cpp 
Pi CI interface, cpp 

I — X 

M CListFile.cpp 
iflRdFortranBinary.cpp 
js] RdTableFile.cpp 
3| SciEngFile.cpp 
*]WrTableFile.cpp 



3KB 


CPP File 


9/17/01 11:41AM 


9KB 


CPP File 


9/17/01 11:41AM 


3KB 


CPP File 


9/17/01 11:41 AM 


5KB 


CPP File 


9/17/01 11:41 AM 


4KB 


CPP File 


9/17/01 11:41 AM 


4KB 


CPP File 


9/17/01 11:41AM 


4KB 


CPP File 


9/17/01 11:41AM 


2KB 


CPP File 


9/17/01 11:41 AM 



Exploring - D:\FEM Builder 1 .2\Source\SciEngLib\Graphics 




^ICColorButtoacpp ! 
: &} CDeviceDC.cpp 
|3 CDisplayList cpp 
gj] CDisplayListHLcpp 
^ CMSWinDC.cpp 
$5] COpenGLDC.cpp 
|| CRubberBandcpp 
^ CViewDC.cpp 
^] CXYPIotAxis.cpp 
|| CXYPIotCurve.cpp 
I^QCYPIolData.cpp 
DrawSymboLcpp 
gjp SciEngColor.cpp 
s»] SciEngDraw.cpp 



GKB CPP File 

9KB CPP File 

20KB CPP File 

12KB CPP File 

9KB CPP File 

24KB CPP File 

6KB CPP File 

45KB CPP File 

8KB CPP File 

19KB CPP File 

10KB CPP File 

12KB CPP File 

7KB CPP File 

2KB CPP File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/21/01 
9/17/01 
9/21/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:41AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
7:04 AM 
11:41 AM 
7:04 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 



r 14. 



E xplor i ng - D:\FEMB uiider 1 . 2\S out ce\S ciE ngLibM nclude 



ma 




Q CAArray.hpp 
@ CAListh 
QCAListhpp 
QcCFormath 
g| CChemicalReaction.h 
sa] CChemicalSpecie.h 
QcColorButton.h 
gjj CCompositeProperty. h 
QtXurve.h 
f*j CCurveFiLh 
gsj CCurveSegmenLh 
QCDateD.h 
QcDeviceDQh 
Q CDisplayLisLh 
QCDispla^LislHLh 
QCDoubleLisLh 
QCEdge.h 
QCEListh 
SjCEListhpp 
j^CEIIipfclntegraLh 
QCEr%h 
@CFi[e[0,h 



3KB 
4KB 
2KB 
4KB 
2KB 
3KB 
2KB 
3KB 
3KB 
4KB 
2KB 
3KB 
2KB 
5KB 
14KB 
3KB 
2KB 
2KB 
3KB 
8KB 
2KB 
4KB 
4KB 



H File 
HPP File 
H File 
HPP File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
HPP File 
H File 
H File 
H File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41 AM 



S| Exploring - D:\FEM Builder 1 .2\Source\SciEngLib\lnclude 



m 




^jCFindRooth 

3 CHash.h 

g§ Clntegrate.h 

g|cintegrateODE.h 

|«] Clnterface.h 

3 ClntersectCurves h 

3 Clnlisth 

f| CLeastSquareFith 

1 CLELisLh 

|| CLE List, hpp 

^CLinkedList.h 

|| CLinkedList.hpp 

U CListFiie.h 

iJCMateriaiDB.h 

alCMatlD.h 

I^CMSWinDC.h 

JjjCNamed.h 

QCNELisLh 

SjJCNEListhpp 

^CNewtonRaphson.h 

SaJCNTable.h 

SjCOpenGLDC.h 

QcOptimizelD.h 



2KB 


H File 


9/1 7/01 11 


41AM 


3KB 


H File 


9/17/01 11 


41AM 


3KB 


H File 


9/17/01 11 


41 AM 


5KB 


H File 


9/^1 7/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41AM 


1KB 


H File 


9/17/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41AM 


6KB 


HPP File 


9/17/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41AM 


6KB 


HPP File 


9/17/01 11 


41 AM 


2KB 


H File 


9/17/01 11 


41 AM 


2KB 


H File 


9/17/01 11 


41AM 


3KB 


H File 


9/17/01 11 


41 AM 


3KB 


H File 


9/17/01 11 


41 AM 


2KB 


H File 


9/17/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41AM 


4KB 


HPP File 


9/17/01 11 


41AM 


2KB 


H File 


9/17/01 11 


41 AM 


3KB 


H File 


9/17/01 11 


41 AM 


5KB 


H File 


9/21/01 7.04 AM 


3KB 


H File 


9/17/01 11:41AM 



Exploring - D:\FEH Builder 1.2\Source\SciEngLib\lridude 




lajCOptimizeND.h 
QCPfpAnnotation.h 
a^CPrpAttr.h 
QcPrpDB.h 
») CPrpGroup.h 
0 CPrpNote.h 
QcPrpTable.h 
§CPLh 
|*jCR elate, h 
QCR elate, hpp 
jjaj CRubberBandh 
QcSeth 
2§CSet.hpp 
«jCSetArray.h 
@ CSpline.h 
as] CSutface.h 
|ajCSurfaceEdge.h 
[SjCSurfaceFit.h 
Q CSurfacePatch.h 
aiJCSi>stem.h 
QcTable.h 
QCTableCelLh 
alCTexth 




3KB 
2KB 
2KB 
3KB 
2KB 
1KB 
2KB 
2KB 
2KB 
1KB 
2KB 
2KB 
6KB 
6KB 
2KB 
11KB 
2KB 
3KB 
3KB 
3KB 
4KB 
3KB 
3KB 



H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
HPP File 
H File 
H File 
HPP File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 
H File 



9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17701 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 



:41AM 
:41AM 
:41 AM 
:41 AM 
:41 AM 
:41 AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41AM 
:41 AM 
:41 AM 
:41 AM 
:41 AM 
:41AM 
:41AM 



1 ! 



Wii 
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1 3^ 



Exploring - D:\FEM Builder 1_2\Source\SciEngLib\lncIude 




f*\ SciEngCurve.h 
»|SciEngCurveFit.h 
QSciEngDraw.h 
@SciEngError.h 
Q SciEngFile.h 
Q : SciEngLib.h 
QSciEngMath.h 
wj SciEngMath.hpp 
»] SciEngMatrix h 
Q SciEngMove.h 
a| SciEngMove.hpp 
Q SciEngPoint.h 
jaj SciEngPolygon.h 
G] SciEngResulth 
Q SciEngSort.h 
|»j SciEngSort.hpp 
g]SciEngStddfn.h 
@ SciEngStr.h 
[a] SciEngSurface.h 
Q SciEngVector.h 
@ SciEngVector.hpp 
g]StdAfx.h 
[»)WrMaterialDB.h 

l17obje 



3KB 
7KB 
1KB 
1KB 
2KB 
3KB 
4KB 
4KB 
3KB 
1KB 
1KB 
4KB 
1KB 
2KB 
1KB 
5KB 
3KB 
3KB 
1KB 
2KB 
1KB 
1KB 
1KB 



H File 
H File 
H File 
H File 
H File 
H File 
H File 
HPP File 
H File 
H File 
HPP File 
H File 
H File 
H File 
H File 
HPP File 
H File 
H File 
H File 
H File 
HPP File 
H File 
H File 



9/1 7/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41 AM 
9/17/01 11:41 AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41 AM 
9/17/01 11:41 AM 
9/17/01 11:41 AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41 AM 
9/17701 11:41AM 
9/17/01 11:41 AM 



•: : . • 

It 



■rm 



m 



as 



m 



Exploring - D:\FE M Builder 1 . 2\S ource\S ciE ngLibM nclude 




Q SciEngError.h 
Q SciEngFile.h 
@ SciEngLib.h 
Q SciEngMath h 
3 SciEngMath.hpp 
§3 SciEngMatrix.h 
Q SciEngMove.h 
Q SciEngMove.hpp 
QSciEngPoint.h 
QSciEngPolygon.h 
jaj SciEngResulth 
QSciEngSorth 
@SciEngSort.hpp 
QSciEngStddfn.h 
@SciEngStr.h 
QSciEngSurface.h 
QSciEngVectorh 
B S ciE ngVector. hpp 
@StdAfx.h 
QWrMaterialDB.h 
H WrPrpDB.h 
@WrTableFile.h 



Size 


Type 


I Modified 




1KB 


H File 


9/17/01 11:41AM 


if- 


2KB 


H File 


9/17/01 11:41AM 




3KB 


H File 


9/17/01 11:41AM 


4KB 


H File 


9/17/01 11:41AM 




4KB 


HPP File 


9/17/01 11:41AM 




3KB 


H File 


9/17/01 11:41AM 




1KB 


H File 


9/17/01 11:41AM 


St 


1KB 


HPP File 


9/17/01 11:41AM 




4KB 


H File 


9/17/01 11:41AM 




1KB 


H File 


9/17/01 11:41 AM 


11 


2KB 


H File 


9/17/01 11:41 AM 


11 


1KB 


H File 


9/17/01 11:41 AM 


11 


5KB 


HPP File 


9/17/01 11:41 AM 


m< 


3KB 


H File 


9/17/01 11:41AM 




3KB 


H File 


9/17/01 11:41AM 




1KB 


H File 


9/17/01 11:41AM 


ll 


2KB 
1KB 


H File 
HPP File 


9/17/01 11:41AM 
9/17/01 11:41AM 


; : • 


1KB 


H File 


9/17/01 11:41AM 




1KB 


H File 


9/17/01 11:41AM 




2KB 


H File 


9/17/01 11:41AM 




1KB 


H File 


9/17/01 11:41AM 





OS 
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ii mmii 








Name I Size Type 


| Modified 




| 



^ICDoubleList.c^j 
g| CHash.cpp 
Clnlist.cpp 



3KB CPP File 
17KB CPP File 
4KB CPP File 



9^1 7/01 11:41AM 
9/17/01 11:41 AM 
9/17/01 11:41AM 



! 07 



Hi Exploring -D:\FEM Builder 1 \2\Source\SciEngLib\Material 




Q CChemicaIR eaction. cpp j 

Q CCompositePropertii.cpp 

j9s]CMaterialDB.cpp 

@ CM all D. cpp 

Q CNTable.cpp 

Q CPrpAnnotation.cpp 

@CPrpAUr.cpp 

jajCPrpDB.cpp 

@ CPrpGroup.cpp 

Q CPrpTable.cpp 

fa] CT able, cpp 

QcTableCell.cpp 

Q MatPropertiilnfo.cpp 

§§] RdMaterialDB.cpp 

Q RdPrpDB.cpp 

QWrMaterialDB.cpp 

QWrPrpDB.cpp 




5KB 
8KB 
GKB 
5KB 
7KB 
3KB 
4KB 
4KB 
5KB 
2KB 

12KB 
4KB 

23KB 
7KB 
7KB 
3KB 
GKB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



9/1 7/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:41AM 
11:41 AM 
11:41 AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41 AM 
11:41AM 
11:41 AM 
11.41 AM 
11:41AM 



17 o 



wm 



t| Exploring - D:\FEM Builder 1.2\Source\SciEngLib\Math 




!^|CCuryeFjt,cpp j 

CEIlipticlntegraLcpp 
QCFindRootcpp 
»| Clntegrate.cpp 
gsj ClntegrateODE.cpp 
|s] CLeastSquareFitcpp 
jaj CNewtonRaphson.cpp 
55] COptirnizelD.cpp 
as] COptimizeND.cpp 
^] CSpline.cpp 
^] CSurfaceFit.cpp 

SciEngCSystem.cpp 
^JSciEngCurve.cpp 
S| SciEngCurveFitxpp 
H SciEngMath.cpp 
@ SciEngMatrix.cpp 
§5] SciEngMove.cpp 

SciEngPoint.cpp 
Q SciEngPolygon.cpp 
§ SciEngResult.cpp 
Q SciEngSortcpp 
Q SciEngSurface.cpp 

SciEngVector.cpp 



3KB 
8KB 
8KB 
20KB 
11KB 
3KB 
7KB 
9KB 
8KB 
6KB 
10KB 
4KB 
18KB 
34KB 
16KB 
33KB 
1KB 
30KB 
5KB 
18KB 
1KB 
11KB 
6KB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



9/1 7^01 


11 


41AM 


9/1 7/01 


11 


41AM 


9/17/01 


11 


41AM 


9/17/01 


11 


41AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41AM 


9/17/01 


11 


41AM 


9/17/01 


11 


41AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41 AM 


9/17/01 


11 


41AM 





ill 



m 

Mm 



Exploring - D:\FEM Builder 1_2\Source\SciEngf_ib\Math 








s*J CEIIipticlntegral.cpp 
ajJCFindRoot cpp 
3j CI integrate, cpp 
||ClritegrateODE.cpp 
U CLeastSquareFitcpp 
3 CNewtonRaphson.cpp 
||C0ptirnize1D.cpp 
^COptimizeND.cpp 
=5) CSpline.cpp 
CSurfaceFitcpp 
S ciE ngCSy stern, cpp 
SciEngCurve.cpp 
jjSciEngCurveFit.cpp 
«j SciEngMatKcpp 
SciEngMatrix.cpp 
sajSciEngMove.cpp 
g| SciEngPoinLcpp 
s*| S ciEngPolygon.cpp 
^SciEngResultcpp 
|«]SciEngSort.cpp 
QSciEngSurface.cpp 
^jSciEngVector.cpp 




Modified 



GKB 
8KB 
20KB 
11KB 
3KB 
7KB 
9KB 
8KB 
GKB 
10KB 
4KB 
19KB 
34KB 
18KB 
33KB 
1KB 
30KB 
5KB 
18KB 
1KB 
11KB 
6KB 



CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 
CPP File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/1 7/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:41AM 
11:41AM 
11:41 AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41 AM 
11:41 AM 
11:41 AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 
11:41AM 



m 

mi 



Hp Exploring - D:\FEM Builder 1_2\Source\SciEngl_ib\Slring 




File / Edit View Go Favorites look Help 



^OexLcpp I 

sa] CTextFont.cpp 

jSj CTextFontDiaiog.cpp 

^]SciEngStr.cpp 



5KB 
2KB 
2KB 
16KB 



:SIIf 



CPP File 
CPP File 
CPP File 
CPP File 



9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41 AM 
9/17/01 11:41AM 



- >d Hi 



fig EKploring - D:\FEM Builder 1 .2\Source\SeiEngLib\Time E)0 Qj I 


: Re Ed,t View Go Favorite, look Help 






^itiili 


Name ' """ I V Size 


Type 


I 


M ~difi~ci 


mm 



EjjCDateD.cp p j 
§ CTimeDate.cpp 
Q CTimeMS.cpp 



GKB CPPFile 
4KB CPPFile 
3KB CPPFile 



9/17/01 11:41AM 
9/17/01 11:41AM 
9/17/01 11:41AM 



m 



n 7 - 



Hi Exploring - D:\FEM Builder 1.2\Test 




ion ; 
Results 
3g] Ablation-S tructure. unv 
Q Ablation-T hermal-Af t pit 
■|3j Ablation-Thermal-Fwd.plt 
@Axisym1.fdb 
QAxisjjm1.fi! 
Q Axisymljesinp 
Q Axisyml.unv 
Q AxisjpmlBQfdb 
(jajAxisyml Caxa.fil 
[jjl Axisyml CaxaJnp 
@ Axisyml CAXAResults.fdb 
Q Axisyml CentResults fdb 
Q Axisyml Results fdb 
@ Boundari»ListCheck1.fdb 
Q CheckConnectivity.fdb 
@ ChemicalReaction.fdb 
Q ConcidentN odes, fdb 
@ Constrain2d.fdb 
Q Constrain3d.fdb 
Q cp1d_bb.resinp 
f*j)cp1d bb.resout 
18 





Lktel 














MM 



Modified 





File Folder 


9/21/01 9:21 AM 




File Folder 


9/21/01 9:21 AM 


1,858KB 


UNV File 


9/17/01 11 


34 AM 


415KB 


PLT File 


9/17/01 11 


34 AM 


1,640KB 


PLT File 


9/17/01 11 


34 AM 


8KB 


FDB File 


9/17/01 11 


34 AM 


40KB 


FIL File 


9/17/01 11 


34 AM 


4KB 


RESINP File 


9/17/01 11 


34 AM 


11KB 


UNV File 


9/17/01 11 


34 AM 


7KB 


FDB File 


9/17/01 11 


34 AM 


21 8KB 


FIL File 


9/17/01 11 


34 AM 


4KB 


INP File 


9/17/01 11 


34 AM 


52KB 


FDB File 


9/17/01 11 


34 AM 


31KB 


FDB File 


9/17/01 11 


34 AM 


30KB 


FDB File 


9/17/01 11 


34 AM 


4KB 


FDB File 


9/17/01 11 


34 AM 


30KB 


FDB File 


9/17/01 11 


34 AM 


1KB 


FDB File 


9/17/01 11 


34 AM 


2KB 


FDB File 


9/17/01 11 


34 AM 


13KB 


FDB File 


9/17/01 11 


34 AM 


34KB 


FDB File 


9/17/01 11 


34 AM 


41KB 


RESINP File 


9/17/01 11 


34 AM 


83KB 


RESOUT File 


9/17/01 11 


34 AM 



■■■■■ 

i§ 

11 



11 



11 

:• :: > •• 

11 
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jft] cp1d_bls.resinp 
Q cp1 d_b^.resout 
§ cp1d_blt.resinp 
Q cp1d_bltresout 
Q cp1d_cbs.resinp 
@ cp1d_cbs.resout 
§ cp1d_cbt.resinp 
Qcp1d_cblresout 
QCrackl FQ.fdb 
QCrack1FQ.fi! 
QQackl FQResuits.fdb 
@Crack2DFFSLfdb 
@Qack2DFFSLfil 
@Crack2DFFSLinp 
@ : Crack2DFFSQ.fdb 
QCrack2DFFSQ.fil 
Q Crack2DFFSQ.inp 
@Crack2DFZLfdb 
@Crack2DFZLfil 
QCrack2DFZLinp 
@Crack2DFZQ.fdb 
0 Crack2DFZQ.fii 
:»]Crack2DFZQ.inp 



7KB 
245KB 
8KB 
246KB 
GOKB 
9SKB 
61KB 
96KB 
38KB 
140KB 
175KB 
16KB 
108KB 
6KB 
32KB 
199KB 
13KB 
113KB 
1707KB 
44KB 
243KB 
3,487KB 
102KB 



RESINP File 
RESOUT File 
RESINP File 
RESOUT File 
RESINP File 
RESOUT File 
RESINP File 
RESOUT File 
FDB File 
FIL File 
FDB File 
FDB File 
FIL File 
IMP File 
FDB File 
FIL File 
INPFile 
FDB File 
FIL File 
INPFile 
FDB File 
FIL File 
INPFile 



9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 
9/17/01 11 



34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 
34 AM 

34 AM 

35 AM 
35 AM 



mm 



Hf Exploring - D:\FEH Builder 1 2\Te*t 




g)Dack2DPS.fdb 
@Dack2DSFML.fdb 
@jCrack2DSFML.r"il 
SI Crack2DSFML.inp 
S|Crack2DSFMQ.fdb 
gjCrack2DSFMQ.fi! 
QCrack2DSFMQ.inp 
@Crack2DSZL.fdb 
gjCrack2DSZL.fil 
gjCrack2DSZL .inp 
g]Dack2DSZQ.fdb 
Q Cfack2DSZQ.fil 
@ Crack2DSZQ.inp 
gj Qack3DFFSL.fdb 
g) Crack3DFFSLfa 
Q Crack3DFFSL.inp 
@Crack3DFFSQ.fdb 
QCrack3DFFSQ.fi! 
Q Crack3DFFSQ.inp 
@Dack3DPS.fdb 
§Qack3DSFML.fdb 
jjjQack3DSFML.fi 
a] Crack3DSFML.inp 



32KB 
18KB 
104KB 
7KB 
37KB 
213KB 
15KB 
75KB 
1,0B5KB 




153KB 
2,175KB 

63KB 

47KB 
449KB 

20KB 
128KB 
1/1 54KB 

62KB 
114KB 

58KB 
519KB 

25KB 



FDB File 
FDB File 
FIL File 
INP File 
FDB File 
FIL File 
INP File 
FDB File 
FIL File 
INP File 
FDB File 
FIL File 
INP File 
FDB File 
FIL File 
INP File 
FDB File 
FIL File 
INP File 
FDB File 
FDB File 
FIL File 
INP File 



9/17701 11 
9717/01 11 
9/17/01 11 
9/17701 11 
9717/01 11 
9717701 11 
9/17701 11 
9/17701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717701 11 
9717/01 11 
9717/01 11 
9717701 11 



35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 
35 AM 



'III 

III 



If? 



-is? 




8 



Crack3DSFMQ.fdb 
Crack3DSFMQJ 
Crack3DSFMQ.inp 
CrackSBRAMSubScaleAxial.fdb 
CrackS B RAM S ubscaleAxial. f il 
CrackS B RAM S ubS caleAxial. inp 
CrackS B RAM S ubscaleR adial. fdb 
CrackS B RAM S ubscaleR adial. f il 
CrackS B RAM S ubS caleR adial. inp 
CrackS B RAM S ubscaleR adia!3D . fdb 
CrackS B RAM S ubscaleR adiaI3D . f il 
CrackSBRAMSubScaleRadial3D.inp 
CurveFid .dat 
CurveFifc2.dat 
CurveFifc3.dat 
CurveFit4.dat 
CurveFit5.dat 
EdgeNotched2D.fdb 
EdgeNotched3D.fdb 
EditColor.fdb 
ElementD istortion2D . fdb 
E lemerrtD istortion3D . fdb 
Example4.fdb 

m 




157KB 


FDB File 


9/17/01 11 


35 AM 


1,333KB 


FIL File 


9/17/01 11 


•35 AM 


77KB 


INP File 


9/17/01 11 


:35 AM 


296KB 


FDB File 


9/17/01 11 


:35 AM 


2,097KB 


FIL File 


9/17/01 11 


:35 AM 


127KB 


INP File 


9/17/01 11 


35 AM 


320KB 


FDB File 


9/17/01 11 


35 AM 


2,319KB 


FIL File 


9/17/01 11 


35 AM 


130KB 


INP File 


9/17/01 11 


35 AM 


1,230KB 


FDB File 


9/17/01 11 


35 AM 


13,507KB 


FIL File 


9/17/01 11 


35 AM 


G73KB 


INP File 


9/17/01 11 


35 AM 


1KB 


Movie Clip 


9/17/01 11 


35 AM 


1KB 


Movie Clip 


9/17/01 11 


35 AM 


1KB 


Movie Clip 


9/17/01 11 


35 AM 


1KB 


Movie Clip 


9/17/01 11 


35 AM 


1KB 


Movie Clip 


9/17/01 11 


35 AM 


275KB 


FDB File 


9/17/01 11 


35 AM 


594KB 


FDB File 


9/17701 11 


35 AM 


9KB 


FDB File 


9/17701 11 


35 AM 


3KB 


FDB File 


9/17/01 11 


35 AM 


5KB 


FDB File 


9717/01 11 


35 AM 


47KB 


FDB File 


9/17/01 11 


35 AM 



Exploring - D:\FEM Builder 1 _2\Test 



Edit View Go Favorites Too!::- Hel 



Name 



si;;. , - M u 



@Examp!e4.fil 

H Example4.inp 

§Examp!e4F.fdb 

*S| ExpCurve.dat 

Qfdv.nam 

Qfdv.xyz 

jfijfdv0001.dat 

[3}fdv3dnam 

Qfdv3d.xyz 

Qfdv3d0001.dat 

@FiuidCFD1 fdb 

3 FJuidCFDI.mp 

5| Geometry, fdb 

QSeometrvEdiM.fdb 

§*) GridGen.grd 

Q GridGen.p3d 

g) HeatO.fdb 

Q HeatO.sot 

@ Heart. fdb 

Q Heart .sot 

@HTAxisym1.fdb 

gl, InsertFlawLinear.fdb 

J#] InserjFlawQ uadratic fdb 



Size 


Type . 


_ jModihed 


& MmM \W 


* 


246KB 


FIL File 


9/17/01 11 


.35 AM 




16KB 


IWP File 


9/17/01 11 


:35 AM 


i-S 


33KB 


FDB File 


9/17/01 11 


:35 AM 




2KB 


Movie Clip 


9/17/01 11 


:35 AM 


y<;< ■■: 


1KB 


NAM File 


9/17/01 11 


:35 AM 


M 


5KB 


IxYZFile 


9/17/01 11 


:35 AM 




14KB 


Movie Clip 


9/17/01 11 


:35 AM 


: ;: 


1KB 


NAM File 


9/17/01 11 


:35 AM 


If 


28KB 


XYZFile 


9/17/01 11 


:35 AM 




91KB 


Movie Clip 


9/17/01 11 


35 AM 


nm 


8KB 


FDB File 


9/17/01 11 


35 AM 


§11 


3KB 


INP File 


9/17/01 11 


35 AM 




22KB 


FDB File 


9/17/01 11 


35 AM 


m 


3KB 


FDB File 


9/17701 11 


35 AM 




6KB 


GRD File 


9/17701 11 


35 AM 


g| 


23KB 


P3D File 


9/17/01 11 


35 AM 




8KB 


FDB File 


9/17/01 11 


35 AM 




11KB 


SOT File 


9/17/01 11 


35 AM 


ft 


9KB 


FDB File 


9/17/01 11 


35 AM 


4KB 


SOT File 


9/17/01 11 


35 AM 


8KB 


FDB File 


9/17/01 11 


35 AM 


1 


35KB 


FDB File 


9717/01 11 


35 AM 


69KB 


FDB File 


9717/01 11 


35 AM 








Compute, 







Exploring - D:\FEM Builder i.ZVTect 



Name 




Rle £ dit ^ fi° ^ i«* 



||lnterfaceFemDB_1.fdb 

^]lnterfaceFemDB_2.FDB 

gjlnterfaceldeasj.unv 

»j LessFluidfdb 

sgj LessFluid-CustomSoive.iou 

»] LessSolid.fdb 

Q LineElementfdb 

wjMatPropl.pdb 

3 MatPropZpdb 

3 MeshSurface.fdb 

3MesKVolume.fdb 
yjMixingElbow.cas 
fljMixingElbow.dat 
QMixingElbow.fdb 
(p| Nozzle"! .jou 
QNozzle1_ascii.cas 
Q Nozzle1_ascii.dat 
ja) NozzleModel.cas 
•QNozzleModeLdat 
Qp&NRegions.fdb 
Q PipeFlow.cas 
fil PipeFlow.dat 
M PipeFlow.fdb 
187, 



13KB 
15KB 
31KB 
1.507KB 
1KB 
620KB 
2KB 
2KB 
1KB 
20KB 
24KB 
129KB 
212KB 
657KB 
1KB 
263KB 
980KB 
172KB 
365KB 
4KB 
28KB 
11KB 
7KB 



FDB File 
FDB File 
UNV File 
FDB File 
JOU File 
FDB File 
FDB File 
PDB File 
PDB File 
FDB File 
FDB File 
CAS File 
Movie Clip 
FDB File 
JOU File 
CAS File 
Movie Clip 
CAS File 
Movie Clip 
FDB File 
CAS File 
Movie Clip 
FDB File 



9/17/01 11: 
9/17/01 11: 
9/17/0111; 
9/17/01 11: 
9/17/01 11: 
9/17/01 11: 
9/17/01 11:: 
3/17/01 11:: 
9/17/01 11:: 
9/17/01 11:: 
9/17/01 11:: 
9/17/01 11:! 
9/17/0111:: 
9/17/01 11:: 
9/17/01 11:; 
9/17/01 11:: 
9/17/01 11:1 
9/17/01 11:: 
9/17/01 11:1 
9/17/01 11:: 
9/17/01 11:: 
9/17/01 11:; 
9/17/01 11:: 



in 



Exploring - D:\FEM Builder 1;2\Test 



Li * £d lt y,ew Go Favorite, I«* U . 



elp ... 



g)PlaneE1.fdb 
@PlaneE1.fil 

QPIaneELinp 
QPIaneELunv 
§PlaneE16.fdb 
§PlaneE2.fdb 
QpianeEZfil 
@ PianeEZresinp 
»]PlaneE2F.fdb 
PlaneE2F.unv 
asjPlaneSl.fdb 
g PlaneSZfdb 
3 PlaneS2.fi! 
3 RdAschar.pit 
igRdCCMJ.ccmout 
||RdCDCA_1.cdcout 
^RWAnsysl.cdb 
i*) RWAnsys2.cdb 
»]RWIdeas1.urw 
2§9BRAMSubScale.fdb 
3 SelectByRegion.fdb 

SelectCurve.fdb 
»1 SelectGroup.fdb 




8KB 
30KB 
3KB 
12KB 
9KB 
43KB 
223KB 
16KB 
152KB 
159KB 
10KB 
G5KB 
38GKB 
79KB 
2KB 
67KB 
20KB 
7KB 
185KB 
242KB 
4KB 
14KB 
15KB 



FDB File 
FIL File 
INP File 
UNV File 
FDB File 
FDB File 
FIL File 
RESINP File 
FDB File 
UNV File 
FDB File 
FDB File 
FIL File 
PLT File 
CCMOUT File 
CDCOUT File 
CDB File 
CDB File 
UNV File 
FDB File 
FDB File 
FDB File 
FDB File 



9^1 7/01 
9/17/01 
9/17/01 
9/17/01 
9/17701 
9717701 
9717701 
9717701 
9717701 
9717/01 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 
9717701 



11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 



■■SI' 



III 



2oO 



Exploring - D:\FEM Builder 1.2VTest 




■ySdoctNJEf.f* 
3 SelectSurface.fdb 
g|s elects urfacel.fdb 
;3| SelectVolume.fdb 
.Si sharp, pit 
3jSinGen.gin 
a|SinGen.out 
3Smooth2dJ.fdb 
g)Smooth2d_2.fdb 
*j]Smooth2d_3.fdb 
3[ Soldi Lfdb 
lsolid1L.fi! 

SolidlLresinp 
*j Solid! Lunv 
gSolidlQ.fdb 
g| Solid1Q.fi! 
]g| ; Solid1Q.resinp 
^SolidlQ.unv 
3SolidCFD1.fdb 
iJSolidCFDI.inp 
^StructuraiGrid.fdb 
||TexChemJ.fdb 
»lTexChemJ .spatial 



14KB 
14KB 
14KB 

SKB 
27KB 
1,009KB 
17KB 
16KB 
54KB 

SKB 
53KB 

4KB 
13KB 
20KB 
133KB 
10KB 

1KB 

SKB 

3KB 
35KB 

SKB 
13KB 



FDB File 
FDB File 
FDB File 
FDB File 
PLT File 
GIN File 
OUT File 
FDB File 
FDB File 
FDB File 
FDB File 
FIL File 
RESINP File 
UNV File 
FDB File 
FIL File 
RESINP File 
UNV File 
FDB File 
INP File 
FDB File 
FDB File 
SPATIAL File 



3/17/01 11:35AM 
9/17/01 11:35AM 
9/1 7/01 11:35 AM 
9/17/01 11:35 AM 
3/1 7/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/1 7/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35AM 
3/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 
9/17/01 11:35 AM 



8fc 



11 



II 



if 
a 



Exploring D:\FEM Builder 1 2\Test 




*j sharp, pit 

MJ SinGen.gin 

QsinGeaout 

§jSnrwjoth2d_1.fdb 

§ Smooth2d_2.fdb 

Q Smooth2d_3.fdb 

@So0d1Lfdb 

BSolid1L.fi! 

QSolidlLresinp 

@Solid1Lunv 

QSolidlQ.fdb 

QSolidlQ.til 

j*jSolid1Q.resinp 

@Solid1Q.unv 

@SolidCFD1.fdb 

@SoBdCFD1.inp 

3 StructuralGridfdb 

ajTexChemJ.fdb 

jiy TexChemJ. spatial 

@ ThermalGrid.unv 

@ UnitCube.fdb 

j*| UnitSquare.fdb 



6KB 
27KB 
1,009KB 
17KB 
16KB 
54KB 
9KB 
53KB 
4KB 
13KB 
20KB 
133KB 
10KB 
1KB 
9KB 
3KB 
35KB 
9KB 
13KB 
8KB 
7KB 
3KB 



PLT File 
GIN File 
OUT File 
FDB File 
FDB File 
FDB File 
FDB File 
FIL File 
RESIMP File 
UNVFile 
FDB File 
FIL File 
RESINP File 
UNV File 
FDB File 
INPFile 
FDB File 
FDB File 
SPATIAL File 
UNV File 
FDB File 
FDB File 



9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9717/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 
9/17/01 



11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 
11:35 AM 



Si 

■ 



III 



. ... 



iS Exploring - 


D:\Recess 






BBMBBB "I I 


File Edit 


View Go Favorites Tools Help 


"WffWS - 






Name 




Size 


mm :: ' 


| Modified » 


RfRecess.bat 




1KB 


MS-DOS Batch File 


9/19/01 2:57 PM 



§Reces$User.doc 
lgRecessW.exe 



5,089KB Application 

19KB Microsoft Word Doc. 
24KB Application 



3/1/01 12:57 PM 
9/19/01 9:35AM 
9/13/01 3:16PM 



ZP3 



